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Abstract
The N = 3 Kazama-Suzuki model at the ‘critical’ level has been found by Creutzig,
Hikida and Ronne. We construct the lowest higher spin currents of spins (3
2
, 2, 2, 2, 5
2
, 5
2
, 5
2
, 3)
in terms of various fermions. In order to obtain the operator product expansions (OPEs)
between these higher spin currents, we describe three N = 2 OPEs between the two N = 2
higher spin currents denoted by (3
2
, 2, 2, 5
2
) and (2, 5
2
, 5
2
, 3) (corresponding 36 OPEs in the
component approach). Using the various Jacobi identities, the coefficient functions appearing
on the right hand side of these N = 2 OPEs are determined in terms of central charge
completely. Then we describe them as one single N = 3 OPE in the N = 3 superspace.
The right hand side of this N = 3 OPE contains the SO(3)-singlet N = 3 higher spin
multiplet of spins (2, 5
2
, 5
2
, 5
2
, 3, 3, 3, 7
2
), the SO(3)-singlet N = 3 higher spin multiplet of spins
(5
2
, 3, 3, 3, 7
2
, 7
2
, 7
2
, 4), and the SO(3)-triplet N = 3 higher spin multiplets where each multiplet
has the spins (3, 7
2
, 7
2
, 7
2
, 4, 4, 4, 9
2
), in addition to N = 3 superconformal family of the identity
operator. Finally, by factoring out the spin-1
2
current of N = 3 linear superconformal algebra
generated by eight currents of spins (1
2
, 1, 1, 1, 3
2
, 3
2
, 3
2
, 2), we obtain the extension of so-called
SO(3) nonlinear Knizhnik Bershadsky algebra.
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1 Introduction
One of the remarkable aspects of WZW models is that WZW primary fields are also Virasoro
primary fields [1, 2]. The Virasoro zeromode acting on the primary state corresponding to the
WZW primary field is proportional to the quadratic Casimir operator of the finite Lie algebra.
Associating a conformal weight (or spin) to the primary state, we find the conformal weight
(or spin) which is equal to the one half times the quadratic Casimir eigenvalues divided by the
sum of the level and the dual Coxeter number of the finite Lie algebra [1, 2]. In particular, the
adjoint representation at the ‘critical’ level (which is equal to the dual Coxeter number) has
conformal weight 1
2
. For example, for SU(N), the quadratic Casimir eigenvalue is given by 2N
and the dual Coxeter number is N . Then we are left with the overall numerical factor 1
2
which
is the spin of adjoint fermion. For the diagonal coset theory [1], the conformal spin-3
2
current
(N = 1 supersymmetry generator) that commutes with the diagonal spin-1 current can be
determined [3, 4, 5] and is given by the linear combination of two kinds of spin-1 currents
and adjoint fermions. For SU(2) case, this leads to the well known coset construction of the
N = 1 superconformal algebra [6]. For SU(3) case, this leads to the coset construction of
N = 1 W3 algebra [7, 8, 9, 10]. Moreover, for SU(N), the N = 1 higher spin multiplets
are found in [11]. One can go one step further. By taking the adjoint spin-1
2
fermions in the
second factor in the numerator of the diagonal coset model [1], the coset construction of the
N = 2 superconformal algebra is obtained [12] and the higher spin currents are observed and
determined in [13, 14].
One can consider the above feature in the different coset model. There exists other type
of coset model, so-called Kazama-Suzuki model [15, 16] which is described as
SˆU(N +M)k ⊕ SˆO(2NM)1
SˆU(N)k+M ⊕ SˆU(M)k+N ⊕ Uˆ(1)NM(N+M)(k+N+M)
, c =
3kNM
(k +N +M)
. (1.1) {?}
The N = 2 superconformal algebra, which is generated by the N = 2 multiplet of spins
(1, 3
2
, 3
2
, 2), is realized for arbitrary level k in the coset model (1.1). When M = 2, the
above coset is similar to the Wolf space coset [17] where the SˆU(M = 2)k+N factor in the
3
denominator of (1.1) is not present. At the “critical” level where the level k of spin-1 current
in the SU(N+M) factor in the numerator (1.1) is equal to the dual Coxeter number (N+M),
k = N +M, c =
3
2
NM, (1.2) {?}
the above coset model (1.1) has N = 3 supersymmetry [18, 19, 20]. According to the previous
analysis, there exist (N +M)2 − 1 adjoint spin-1
2
fermions residing in the SU(N +M) factor
of the numerator. Under the decomposition of SU(N +M) into the SU(N) × SU(M), the
adjoint representation of SU(N +M) breaks into as follows: (N+M)2 − 1→ (N2 − 1, 1)⊕
(1,M2 − 1) ⊕ (1, 1) ⊕ (N,M) ⊕ (N,M). The adjoint fermion in the trivial representation
(1, 1) of both SU(N) and SU(M) plays the important role in the construction of the ‘extra’
currents consisting of the extra N = 2 multiplet of spins (1
2
, 1, 1, 3
2
) besides the above N = 2
current of spins (1, 3
2
, 3
2
, 2) [21, 22, 23, 24, 25, 26].
One way to obtain these ‘extra’ currents is as follows. Starting with the above adjoint
fermion corresponding to (1, 1), one can calculate the OPEs between this single fermion
(which is the lowest spin-1
2
current in the above N = 2 multiplet) and the spin-3
2
currents of
N = 2 supersymmetry assuming that the above N = 2 multiplet of spins (1, 3
2
, 3
2
, 2) is known
explicitly in the coset model (1.1) together with (1.2). Via the operator product expansions
(OPEs) of N = 3 superconformal algebra, one can determine the above two spin-1 currents
residing in the N = 2 multiplet (1
2
, 1, 1, 3
2
). In other words, the first-order poles of the above
OPE between the adjoint single fermion and the two spin-3
2
currents provide the two spin-1
currents respectively. Furthermore, by taking one of the spin-1 currents and one of the spin-3
2
currents of N = 2 superconformal algebra and calculating the OPE between them (their
SO(3) indices are different from each other), one obtains the first-order pole which provides
the spin-3
2
current residing in the above N = 2 multiplet (1
2
, 1, 1, 3
2
). Therefore, the N = 3
superconformal algebra generated by the currents of spins (1
2
, 1, 1, 1, 3
2
, 3
2
, 3
2
, 2) by adding the
two N = 2 multiplets (1, 3
2
, 3
2
, 2) and (1
2
, 1, 1, 3
2
) and computing the OPEs between them is
realized in the enhanced N = 3 Kazama-Suzuki model (1.1) together with (1.2) [18].
In this paper, we study the higher spin currents in the coset model (1.1). For the N = 3
holography [18], the deformation breaks the higher spin symmetry and induces the mass to
the higher spin fields [19, 20]. The masses are not generated for the SO(3)R singlet higher
spin fields at the leading order of 1
c
while the mass formula for the SO(3)R triplet higher spin
fields looks like the Regge trajectory on the flat spacetime. So far it is not known what is the
higher spin symmetry algebra for the higher spin currents together withN = 3 superconformal
algebra. It would be interesting to see the higher spin symmetry algebra between the low
higher spin currents explicitly. For finite (N,M) (or finite c) in the coset model, we would like
4
to observe the marginal operator which breaks the higher spin symmetry keeping the N = 3
supersymmetry. Furthermore, we should obtain the explicit higher spin symmetry algebra,
where the structure constants on the right hand side of OPEs depend on (N,M) explicitly,
in order to calculate the mass formula as in the large c limit [19, 20].
We expect that the N = 3 lowest higher spin multiplet of spins (3
2
, 2, 2, 2, 5
2
, 5
2
, 5
2
, 3) can
be obtained by adding the two N = 2 higher spin multiplets (3
2
, 2, 2, 5
2
) and (2, 5
2
, 5
2
, 3) (or
by adding the spin one to the N = 3 multiplet of N = 3 superconformal algebra we have
described above). Once we know the higher spin currents explicitly, then we can perform the
OPEs between them and obtain the higher spin algebra for low higher spin currents. Then
how we can obtain the higher spin currents explicitly besides the N = 3 currents generated
by N = 3 superconformal algebra? As in the first paragraph, we return to the construction
of WZW currents in the coset model (1.1). One of the usefulness of this construction is that
we can obtain the higher spin currents directly and due to the N = 3 supersymmetry, we can
determine the other higher spin currents after the lowest higher spin current is fixed in the
given N = 3 multiplet. For example, once the higher spin-3
2
current is determined completely,
then the higher spin-2, 5
2
and 3 currents can be obtained with the help of spin-3
2
currents of
N = 3 superconformal algebra.
Furthermore, the general feature in the OPE between any two quasiprimary currents is
used [1]. Because the left hand side of any OPE can be calculated from the WZW currents
explicitly, the pole structures of the OPEs are known. From these, we should express them
in terms of the known N = 3 currents and the known higher spin currents by assuming that
the right hand sides of the OPEs contain any multiple products between them. If we cannot
describe the poles of the OPEs in terms of the known (higher spin) currents, then we should
make sure that the extra terms should transform as a new (quasi)primary current. This will
consist of the component of next higher spin multiplet. When the poles of the OPEs are
described by low spin, then it is easy to figure out the right candidate for the composite
currents at each pole of the OPEs. As the spins of the left hand side of the OPEs increase,
then it is not easy to write down all possible terms correctly. We use the SO(3) index structure
in the (higher spin) currents and according to the SO(3) index structure of the left hand side
of the OPEs, the right hand side of the OPEs should preserve the SO(3) invariance. In other
words, if the left hand side of the OPEs transforms as a singlet, then the right hand side of
the OPEs should be a singlet under the SO(3). Similarly, the SO(3) vector (free) index can
arise both sides of the OPEs and we will see the appearance of the new higher spin currents
with SO(3) vector index.
We would like to construct the complete 36 OPEs between the above eight higher spin
5
currents for generic central charge. Now we can proceed to the N = 2 superspace from these
component results and all the expressions are given for (N,M) = (2, 2). Of course we can stay
at the component approach but we should introduce more undetermined quantities we should
determine. Let us replace the structure constants with arbitrary coefficients. Then we have
the complete OPEs in the N = 2 superspace with undetermined structure constants. We use
the Jacobi identities to fix the structure constants. In general, the new N = 2 primary higher
spin current transforming as a primary current under the N = 2 stress energy tensor can
appear on the right-hand side of the OPEs as the spins of the currents increase. The above
8 higher spin currents can be represented by two N = 2 multiplets. Similarly, the 8 currents
of the N = 3 (linear) superconformal algebra can be combined into two N = 2 multiplets
(as described before). Then we can use the Jacobi identities by choosing one N = 2 current
and two N = 2 higher spin currents. We cannot use the Jacobi identities by taking three
N = 2 higher spin currents because, if we consider the OPE between any N = 2 higher spin
currents and another new N = 2 higher spin current, we do not know this OPE at this level.
Therefore, the three quantities used for the Jacobi identities are given by one N = 2 current
and two N = 2 higher spin currents. We can also consider the combination of one N = 2
higher spin current and two N = 2 currents, but this will do not produce any nontrivial
equations for the unknown coefficients. They are satisfied trivially.
After we obtain the complete three N = 2 OPEs, then it is straightforward to write
down them as a single N = 3 OPE (or as the component results). We observe that on the
right hand side of the N = 3 OPE, there exist three types of N = 3 higher spin multiplets.
There are two SO(3) singlets of spins (2, 5
2
, 5
2
, 5
2
, 3, 3, 3, 7
2
) and (5
2
, 3, 3, 3, 7
2
, 7
2
, 7
2
, 4) and one
SO(3) triplet where each multiplet has the spins (3, 7
2
, 7
2
, 7
2
, 4, 4, 4, 9
2
). The presence of SO(3)
triplet higher spin multiplet is crucial to the N = 3 OPE. We observe that the SO(3) vector
index for the last N = 3 higher spin multiplet is contracted with the one appearing in the
fermionic coordinates of N = 3 superspace. In other words, one can use the SO(3) invariant
tensor of rank 3 and make a contraction with both two fermionic coordinates and the above
N = 3 SO(3) triplet higher spin current. Because the spin of the first-order pole with two
fermionic coordinates is given by zero, the sum of the two spin 3
2
of the left hand side should
appear on the right hand side. Note that the above lowest higher spin multiplet of spins
(3
2
, 2, 2, 2, 5
2
, 5
2
, 5
2
, 3) is a SO(3) singlet.
In section 2, we review the N = 3 stress energy tensor, the primary higher spin multiplets
and the realization of the N = 3 superconformal algebra in the above coset model.
In section 3, we construct the lowest eight higher spin currents for generic central charge
c explicitly.
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In section 4, we obtain the fundamental OPEs between the higher spin currents found in
previous section for (N,M) = (2, 2) case.
In section 5, we present how we can determine the next higher spin currents.
In section 6, we calculate the Jacobi identities for the three N = 2 OPEs and determine
the structure constants completely.
In section 7, based on the previous section, the component result can be obtained. Fur-
thermore, we describe its N = 3 OPE.
In section 8, by factoring out the spin-1
2
current of N = 3 superconformal algebra, we
obtain the (minimally) extended Knizhnik Bershadsky algebra [27, 28].
In Appendices A,B, · · · , H , we describe some details which are necessary to the previous
sections.
The packages [29, 30] are used all the times.
Some of the relevant works in the context of [15, 16] are given in [31]-[51].
2 The eight currents of N = 3 superconformal algebra
in the coset model: Review
In this section, we describe the 8 currents of the N = 3 (linear) superconformal algebra in
the N = 3 superspace, where SO(3) symmetry is manifest. Then the corresponding N = 3
superconformal algebra, which consists of 9 nontrivial OPEs in the component approach (in
Appendix A), can be expressed in terms of a single N = 3 (super) OPE. We describe the
N = 3 (super) primary higher spin current, in an SO(3) symmetric way, under the N = 3
stress energy tensor. The N = 3 higher spin current, in general, transforms as a nontrivial
representation under group SO(3). Furthermore, the superspin is, in general, given by the
positive integer or half integer ∆, but its lowest value ∆ = 3
2
will be considered later when
the OPEs between them are calculated for generic central charge. The OPEs between the 8
currents and the 8 higher spin currents in the component approach are also given (in Appendix
B).
2.1 The N = 3 stress energy tensor
The N = 3 stress energy tensor can be described as [23]
J(Z) =
1
2
iΨ(z) + θi
i
2
J i(z) + θ3−i
1
2
Gi(z) + θ3−0 T (z)
=
1
2
iΨ(z) + θ1
i
2
J1(z) + θ2
i
2
J2(z) + θ3
i
2
J3(z)
7
+ θ1θ2
1
2
G3(z) + θ2θ3
1
2
G1(z) + θ3θ1
1
2
G2(z) + θ1θ2θ3 T (z)
≡
(
i
2
Ψ,
i
2
J i,
1
2
Gi, T
)
. (2.1) {?}
The N = 3 superspace coordinates can be described as (Z,Z), where Z = (z, θi), Z = (z¯, θ¯i),
and i = 1, 2, 3 and the index i is the SO(3)-vector index. The left covariant spinor derivative
is given by Di = θi ∂
∂z
+ ∂
∂θi
and satisfies the anticommutators: {Di, Dj} = 2δij ∂
∂z
where the
Kronecker delta δij is the rank 2 SO(3) symmetric invariant tensor. In the first line of (2.1),
the summation over repeated indices (note that the N = 3 stress energy tensor J(Z) is an
SO(3)-singlet) is taken.1 The simplified notation θ3−0 is used for θ1 θ2 θ3. The complement
3 − i is defined such that θ1 θ2 θ3 = θ3−i θi (no sum over i). In the second line of (2.1), the
complete 8 currents for the N = 3 stress energy tensor are described in an expansion of
Grassmann coordinates completely. The quartic- and higher-order terms in θi vanish owing
to the property of θi. The 8 currents are given by a single spin-1
2
current Ψ(z), three spin-1
currents J i(z) transforming as a vector representation under SO(3), three spin-3
2
currents
Gi(z) transforming as a vector representation under SO(3), and the spin-2 current T (z). In
particular, the spin-1
2
and spin-2 currents are SO(3) singlets. The spin of θi is given by −1
2
(and the covariant spinor derivative Di has spin 1
2
) and therefore the N = 3 (super)spin of
the stress energy tensor J(Z) is equal to 1
2
. Each term in (2.1) has a spin-1
2
value.
The N = 3 OPE between the N = 3 stress energy tensor and itself can be summarized
by [21, 22, 23, 25]
J(Z1)J(Z2) = − 1
z12
c
12
+
θ3−012
z212
1
2
J(Z2) +
θ3−i12
z12
1
2
DiJ(Z2) +
θ3−012
z12
∂J(Z2) + · · · , (2.2) {?}
where summation over the repeated indices is assumed (the OPE between the SO(3)-singlet
current and itself), the fermionic coordinate difference for given index i is defined as θi12 =
θi1− θi2, and the bosonic coordinate difference is given by z12 = z1− z2− θi1θi2. Note that there
exists J(Z2)-term on the right-hand side of (2.2). Also the explicit component results (which
will be described in next section) will be given in Appendix A. 2
1 We use boldface notation for the N = 3 or N = 2 multiplet to emphasize the fact that the corresponding
multiplet has many component currents. For the N = 3 multiplet, 8 independent component currents arise
while, for the N = 2 multiplet, 4 independent components arise.
2 By assuming that there are four types of OPEs between the four component currents and the spin- 12
current, Ψ(z)Ψ(w), J i(z)Ψ(w), Gi(z)Ψ(w), and T (z)Ψ(w), we can also write down the N = 3 OPE in
(2.2). By simply taking θi1 = θ
i
2 = 0 in the equation (2.2), we observe that the coefficient of the first term of
(2.2) can be obtained from the OPE Ψ(z)Ψ(w). The third term of the right hand side of (2.2) by acting the
differential operator D3−i1 and setting θ
i
1 = θ
i
2 = 0 can be obtained from the OPE G
i(z)Ψ(w). Similarly, by
acting D11D
2
1D
3
1 on the equation (2.2) and putting θ
i
1 = θ
i
2 = 0, the singular terms can be obtained from the
OPE T (z)Ψ(w). The regularity of the OPE J i(z)Ψ(w) implies that there is no linear in θi12 in the equation
(2.2).
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2.2 The N = 3 primary higher spin multiplet
For general superspin ∆ with nontrivial representation α for the SO(3), the N = 3 (higher
spin) multiplet can be described as
Φα∆(Z) =
i
2
ψα∆(z) + θ
i i
2
φ
i,α
∆+ 1
2
(z) + θ3−i
1
2
ψ
i,α
∆+1(z) + θ
3−0 φα∆+ 3
2
(z)
=
i
2
ψα∆(z) + θ
1 i
2
φ
1,α
∆+ 1
2
(z) + θ2
i
2
φ
2,α
∆+ 1
2
(z) + θ3
i
2
φ
3,α
∆+ 1
2
(z)
+ θ1θ2
1
2
ψ
3,α
∆+1(z) + θ
2θ3
1
2
ψ
1,α
∆+1(z) + θ
3θ1
1
2
ψ
2,α
∆+1(z) + θ
1θ2θ3 φα∆+ 3
2
(z)
≡
(
i
2
ψα∆,
i
2
φ
i,α
∆+ 1
2
,
1
2
ψ
i,α
∆+1, φ
α
∆+ 3
2
)
(2.3) {?}
In components, there exist a single higher spin-∆ current ψα∆(z), three higher spin-(∆ +
1
2
)
currents φi,α
∆+ 1
2
(z) transforming as a vector representation under SO(3), three higher spin-
(∆+1) currents ψi,α∆+1(z) transforming as a vector representation under SO(3), and the higher
spin-(∆ + 3
2
) currents φα
∆+ 3
2
(z) for given α representation. 3 Depending on the superspin ∆,
the above N = 3 (higher spin) multiplet is a bosonic higher spin current for integer spin ∆
or a fermionic higher spin current for half-integer spin ∆.
Because the superspin of J(Z1) is
1
2
, the right-hand side of the OPE J(Z1)Φ
α
∆(Z2) has a
superspin (∆ + 1
2
). The pole structure of the linear term in Φα∆(Z2) on the right-hand side
should have spin 1
2
without any SO(3) indices. This implies that the structure should be
θ3−012
z212
, where the spin of 1
z12
is equal to 1 and the spin of θ12 is equal to −12 . The ordinary
derivative term can occur at the singular term
θ3−012
z12
. Furthermore, the spinor derivative terms
(descendant terms) with a quadratic product of θ12 arise. One should also consider the N = 3
higher spin multiplet Φβ∆(Z2) with different index β with the contraction of SO(3) generator
Ti. 4 Due to the SO(3) index i of Ti, we should consider the linear θi12 term which contracts
with the above Ti. Finally, we obtain the following N = 3 primary condition for the 8 higher
spin currents in the N = 3 superspace [23, 25]:
J(Z1)Φ
α
∆(Z2) =
θ3−012
z212
∆Φα∆(Z2) +
θ3−i12
z12
1
2
DiΦα∆(Z2) +
θ3−012
z12
∂Φα∆(Z2)
− θ
i
12
z12
i
2
(Ti)αβ Φβ∆(Z2) + · · · . (2.4) {?}
where θ3−012 = θ
1
12 θ
2
12 θ
3
12. By assuming that there exist four types of OPEs between the
four component currents and the spin-1
2
current, Ψ(z)ψα∆(w), J
i(z)ψα∆(w), G
i(z)ψα∆(w), and
3It will turn out that we obtain the SO(3) vector representation for the index α.
4We have them explicitly as follows: T1 =

 0 0 00 0 −i
0 i 0

, T2 =

 0 0 i0 0 0
−i 0 0

, T3 =

 0 −i 0i 0 0
0 0 0


with the relation [Ti,Tj ] = iǫijkTk.
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T (z)ψα∆(w), we can write down the N = 3 OPE in (2.4) along the line of the footnote 2.
By simply taking θi1 = θ
i
2 = 0 in the equation (2.4), we observe that the right hand side
vanishes which can be seen from the OPE Ψ(z)ψα∆(w) which is regular in Appendix B. The
second term of the right hand side of (2.4) by acting the differential operator D3−i1 and setting
θi1 = θ
i
2 = 0 can be obtained from the OPE G
i(z)ψα∆(w) in Appendix B. Similarly, by acting
D11D
2
1D
3
1 on the equation (2.4) and putting θ
i
1 = θ
i
2 = 0, the singular terms can be obtained
from the OPE T (z)ψα∆(w) in Appendix B. Finally, by acting D
i
1 on the equation (2.4) and
putting θi1 = θ
i
2 = 0, the singular term of the last term in (2.4) can be seen from the OPE
J i(z)ψα∆(w) in Appendix B.
We use the following notations for the SO(3)-singlet and SO(3)-triplet N = 3 higher spin
multiplet respectively as follows:
Φα=0∆ (Z)→ Φ(∆)(Z), Φα∆(Z)→ Φ(∆),α(Z). (2.5) {?}
Furthermore, we have the component currents, from (2.3) and (2.5),
Φ(
3
2
)(Z) =
i
2
ψ(
3
2
)(z) + θi
i
2
φ(2),i(z) + θ3−i
1
2
ψ(
5
2
),i(z) + θ3−0 φ(3)(z),
Φ(2)(Z) =
i
2
ψ(2)(z) + θi
i
2
φ(
5
2
),i(z) + θ3−i
1
2
ψ(3),i(z) + θ3−0 φ(
7
2
)(z),
Φ(
5
2
)(Z) =
i
2
ψ(
5
2
)(z) + θi
i
2
φ(3),i(z) + θ3−i
1
2
ψ(
7
2
),i(z) + θ3−0 φ(4)(z),
Φ(3),α(Z) =
i
2
ψ(3),α(z) + θi
i
2
φ(
7
2
),i,α(z) + θ3−i
1
2
ψ(4),i,α(z) + θ3−0 φ(
9
2
),α(z). (2.6) {?}
We will see that the OPE between the first higher spin multiplet and itself leads to the right
hand side containing the remaining higher spin multiplets in (2.6) only. We expect that the
other higher spin multiplets beyond the above ones will appear in the OPEs between the next
lowest higher spin multiplets.
2.3 The realization of N = 3 superconformal algebra
As described in the introduction, we follow the notations used in [18]. The α = 1, 2, · · · , N2−1
stands for the adjoint representation of SU(N). The a = 1, 2, · · · , N stands for the funda-
mental representation of SU(N). Similarly, b¯ = 1, 2, · · · , N stands for the anti-fundamental
representation of SU(N). The ρ = 1, 2, · · · ,M2 − 1 denotes the adjoint representation of
SU(M), the i = 1, 2, · · · ,M denotes the fundamental representation of SU(M) and the
j¯ = 1, 2, · · · , N denotes the anti-fundamental representation of SU(M). The OPEs between
the spin-1
2
currents and the spin-1 currents are presented in Appendix C. The adjoint fermions
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of SU(N +M) are denoted by Ψα(z), Ψa¯i(z), Ψa¯i(z), Ψρ(z) and Ψu(1)(z) while the vector rep-
resentation fermions of SO(2NM) are denoted by ψa¯i(z) and ψa¯i(z).
The realization of the N = 3 (linear) superconformal algebra has been obtained in [18]
and is summarized by
Ψ(z) =
√
NM
2
Ψu(1)(z),
J1(z) =
1
2
(
δab¯ δ¯ij Ψ
a¯i ψb¯j + δab¯ δ¯ij ψ
a¯iΨb¯j
)
(z),
J2(z) = − i
2
(
δab¯ δ¯ij Ψ
a¯i ψb¯j − δab¯ δ¯ij ψa¯iΨb¯j
)
(z),
J3(z) =
1
2
δab¯ δ¯ij
(
Ψa¯iΨb¯j − ψa¯i ψb¯j
)
(z),
G1(z) =
1√
2(N +M)
(
δab¯ δ¯ij J
a¯i ψb¯j + δa¯b δij¯ J
a¯i ψbj¯
)
(z),
G2(z) = − i√
2(N +M)
(
δab¯ δ¯ij J
a¯i ψb¯j − δa¯b δij¯ J a¯i ψbj¯
)
(z),
G3(z) =
1√
2(N +M)
(
Ψα(Jα2 − jα) + Ψρ(Jρ2 − jρ)
)
+
1√
2NM
Ψu(1)(Jˆu(1) − ju(1))(z),
T (z) =
1
4(N +M)
(
JαJα + JρJρ + J a¯i J a¯i + J a¯i J a¯i + Ju(1)Ju(1)
)
(2.7) {?}
− 1
2
δab¯ δ¯ij
(
ψa¯i ∂ψb¯j − ∂ψa¯i ψb¯j
)
(z)− 1
4(N +M)
(Jα + jα)(Jα + jα)(z)
− 1
4(N +M)
(Jρ + jρ)(Jρ + jρ)(z) − 1
4NM
(Jˆu(1) + ju(1))(Jˆu(1) + ju(1))(z).
Among these currents in (2.7), the N = 3 supersymmetry spin-3
2
currents Gi(z) are used
frequently in order to determine the 8 higher spin currents in next section. The various spin-1
currents are defined in Appendix C.
3 The lowest eight higher spin currents
We would like to construct the lowest eight higher spin currents in terms of coset fermions in
the spirit of [52, 53, 54, 55, 56, 57]. We have checked that there is no nontrivial higher spin-1
current.
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3.1 The higher spin-32 current
Let us consider the following ansatz for the lowest higher spin-3
2
current, based on the several
(N,M) cases,
ψ¯(
3
2
)(z) =
[
a1J
α
1Ψ
α + a2J
α
2 Ψ
α + a3j
αΨα + b1J
ρ
1Ψ
ρ + b2J
ρ
2Ψ
ρ + b3j
ρΨρ
]
(z). (3.1) {?}
The spin-1 currents in terms of fermions are presented in Appendix C. The relative coefficients
should be determined. We will determine the normalized lowest higher spin-3
2
current later.
This ansatz should satisfy the N = 3 primary conditions and the regular (with denominator
currents in the coset model) conditions. One of the N = 3 primary conditions (that is, the
fifth equation of Appendix (B.1)) is given by
J i(z) ψ¯(
3
2
)(w) = + · · · . (3.2) {?}
This condition (3.2) requires the relations between the coefficients a3 = a2 and b3 = b2. Then
the above expression (3.1) can be written as
ψ¯(
3
2
)(z) = b2
(
a2
b2
[
a1
a2
Jα1 Ψ
α + Jα2 Ψ
α + jαΨα
]
+
[
b1
b2
J
ρ
1Ψ
ρ + Jρ2Ψ
ρ + jρΨρ
])
(z)
∼ d
(
aJα1Ψ
α + Jα2Ψ
α + jαΨα
)
(z) +
(
bJ
ρ
1Ψ
ρ + Jρ2Ψ
ρ + jρΨρ
)
(z). (3.3) {?}
When we ignore the overall factor b2, then we have three unknown coefficients a(N,M), b(N,M),
and d(N,M) we should fix.
On the other hands, the regular conditions are given by
(Jα1 + J
α
2 + j
α)(z) ψ¯(
3
2
)(w) = + · · · ,
(Jρ1 + J
ρ
2 + j
ρ)(z) ψ¯(
3
2
)(w) = + · · · . (3.4) {?}
Note that the OPE between the expression (3.1) and the U(1) current of the denominator in
the coset (1.1) is regular from Appendix C. Then we can determine the coefficients a(N,M)
and b(N,M), using the conditions (3.4), as follows:
a(N,M) = −2M
3N
, b(N,M) = − 2N
3M
. (3.5) {?}
There is a N ↔M symmetry between the two coefficients in (3.5).
The OPE between the lowest higher spin-3
2
current and itself, via the OPEs in Appendix
C, can be obtained as follows:
ψ¯(
3
2
)(z) ψ¯(
3
2
)(w) =
1
(z −w)3
[
d2
2M
3N
(2M + 3N)(N2 − 1) + 2N
3M
(2N + 3M)(M2 − 1)
]
12
+
1
(z −w)
[
d2
2M
3N
(2M + 3N)∂ΨαΨα + d2
4M2
3N2
Jα1 J
α
1
+ d2
(
− 2(2M +N)
N
Jα1 + J
α
2 + j
α
)
(Jα2 + j
α) +
2N
3M
(2N + 3M)∂ΨρΨρ
+
4N2
3M2
J
ρ
1J
ρ
1 +
(
− 2(2N +M)
M
J
ρ
1 + J
ρ
2 + j
ρ
)
(Jρ2 + j
ρ)
]
(w) + · · · . (3.6) {?}
The normalized higher spin-3
2
current can be determined by requiring that the central term
should behave as 2c
3
where the central charge c is given by (1.2)
ψ(
3
2
)(z) =
√√√√ NM
d2 2M
3N
(2M + 3N)(N2 − 1) + 2N
3M
(2N + 3M)(M2 − 1) ψ¯
( 3
2
)(z). (3.7) {?}
By substituting (3.7) into (3.6), we obtain
ψ(
3
2
)(z)ψ(
3
2
)(w) =
1
(z − w)3
2
3
c + other singular terms + · · · . (3.8) {?}
Furthermore, the lowest higher spin-2 current of the next higher spin multiplet can be obtained
from the following expression which will be described in next section
ψ(2)(w) =
1
C
(2)
( 3
2
)( 3
2
)

ψ( 32 )(z)ψ( 32 )(w)
∣∣∣∣∣
1
(z−w)
+
6c
(c+ 1)(2c− 3)J
iJ i(w)
+
6(c+ 3)
(c+ 1)(2c− 3)∂ΨΨ(w)−
4c(c+ 3)
(c+ 1)(2c− 3)T (w)
]
. (3.9) {?}
The first term in (3.9) can be read off from (3.6) or (3.8). We can determine the unknown
coefficient d(N,M) by using the various N = 3 primary conditions of the next higher spin
multiplet including ψ(2)(z). In particular, we have used the fact that G+(z)ψ(2)(w)| 1
(z−w)2
= 0
from Appendix B. See also (3.13). The second-order pole of this OPE contains the cubic
fermions with the specific index structure. Then by focusing on the coefficient appearing in
the particular independent term, we finally obtain the coefficient appearing in (3.3)
d2(N,M) =
N(3M + 2N)
M(3N + 2M)
. (3.10) {?}
By choosing the positive solution in (3.10), the normalized lowest higher spin-3
2
current is
given by
ψ(
3
2
)(z) =
√√√√ 3N2M
2(M +N)(2M + 3N)(MN − 1)
(
− 2M
3N
Jα1 + J
α
2 + j
α
)
Ψα(z)
+
√√√√ 3M2N
2(M +N)(2N + 3M)(MN − 1)
(
− 2N
3M
J
ρ
1 + J
ρ
2 + j
ρ
)
Ψρ(z). (3.11) {?}
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We observe that under the exchange of N ↔ M and α ↔ ρ this higher spin-3
2
current is
invariant. This symmetry also appears in the coset (1.1). Some of the terms in (3.11) appear
in the spin-3
2
current G3(z) in (2.7). In next subsection, we can obtain the remaining seven
higher spin currents with the information of (3.11).
3.2 The higher spin-2 currents
Due to theN = 3 supersymmetry, we can determine other higher spin currents from the lowest
one and the spin-3
2
currents in (2.7). Using the following relation (coming from Appendix B),
Gi(z)ψ(
3
2
)(w) =
1
(z − w) φ
(2),i(w) + · · · , (3.12) {?}
we can obtain three higher spin-2 currents by calculating the left hand side of (3.12) together
with (2.7) and (3.11). Note that
G±(z) ≡ 1√
2
(G1 ± iG2)(z), φ(2),±(z) ≡ 1√
2
(φ(2),1 ± iφ(2),2)(z). (3.13) {?}
It is better to use the base (3.13) because G±(z) have simple term rather than G1(z) or G2(z)
from (2.7). The former will take less time to calculate the OPE manually. By selecting the
first-order pole of this OPE, we obtain the higher spin-2 currents φ(2),±(w) directly. The
remaining higher spin-2 current φ(2),3(w) can be obtained from the OPE (3.12). We present
the final expression in Appendix (D.2).
3.3 The higher spin-5
2
currents
Because we have obtained the higher spin-2 currents in previous subsection, we can continue
to calculate the next higher spin-currents. The other defining relation in Appendix B leads
to the following expression
Gi(z)φ(2),j(w)
∣∣∣∣∣
1
(z−w)
=
(
δij∂ψ(
3
2
) + iǫijk ψ(
5
2
),k
)
(w). (3.14) {?}
Let us introduce the following quantities as before
ψ(
5
2
),±(z) ≡ 1√
2
(ψ(
5
2
),1 ± iψ( 52 ),2)(z). (3.15) {?}
We will see that these preserve the U(1) charge of N = 2 superconformal algebra later. By
using (3.14) and (3.15), we can write down the higher spin-5
2
currents, together with (2.7),
14
(3.13) , Appendix (D.2) and (3.11), as follows:
ψ(
5
2
),+(w) = −G+(z)φ(2),3(w)
∣∣∣∣∣
1
(z−w)
,
ψ(
5
2
),−(w) = G−(z)φ(2),3(w)
∣∣∣∣∣
1
(z−w)
,
ψ(
5
2
),3(w) = G+(z)φ(2),−(w)
∣∣∣∣∣
1
(z−w)
− ∂ψ( 32 )(w). (3.16) {?}
The last term of the last equation in (3.16) can be obtained from (3.11). It turns out that
the final results for the higher spin-5
2
currents are given in Appendix (D.3).
3.4 The higher spin-3 current
From the relation which can be obtained from Appendix B,
Gi(z)ψ(
5
2
),j(w)
∣∣∣∣∣
1
(z−w)
=
(
2δij φ(3) + iǫijk∂φ(2),k
)
(w), (3.17) {?}
we can read off the higher spin-3 current with (3.13) and (3.15) as follows:
φ(3)(w) =
1
2
G+(z)ψ(
5
2
),−(w)
∣∣∣∣∣
1
(z−w)
− 1
2
∂φ(2),3(w). (3.18) {?}
The last term for the explicit form can be seen from the previous subsection. We summarize
this higher spin-3 current in Appendix (D.4).
Therefore, the lowest eight higher spin currents are obtained in terms of various fermions
in (1.1). For the next higher spin multiplets, one can obtain the explicit forms in terms of
fermions by using the methods in this section.
4 The OPEs between the lowest eight higher spin cur-
rents
In this section, we consider the four types of OPEs between the higher spin currents for fixed
(N,M) = (2, 2) where the central charge is given by c = 6. Based on the results of this section
which are valid for c = 6 only (although we put the central charge as c), we can go to the
N = 2 superspace approach in next section where all the undetermined coefficient functions
will be fixed and can be written in terms of the arbitrary central charge.
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4.1 The OPE between the higher spin-32 current and itself
Let us consider the simplest OPE and calculate the following OPE with the description of
previous section.
ψ(
3
2
)(z)ψ(
3
2
)(w) =
1
(z − w)3
2c
3
+
1
(z − w)
[
1
(c+ 1)(2c − 3)
(
− 6cJ iJ i − 6(c + 3)∂ΨΨ+ 4c(c + 3)T
)
+ C
(2)
( 3
2
)( 3
2
)
ψ(2)
]
(w) + · · · , (4.1) {?}
where the normalization for the lowest higher spin-3
2
current is fixed as 2c
3
as in (4.1). Each
three term in the first-order pole of (4.1) is a quasiprimary current in which the third-order
pole with the stress energy tensor T (z) does not have any singular term. It turns out that we
are left with a new primary higher spin-2 current ψ(2)(w) (which is the lowest component of
N = 3 higher spin multiplet Φ(2)(Z2) in (2.6)) with a structure constant C(2)( 3
2
)( 3
2
)
.
4.2 The OPEs between the higher spin-3
2
current and the higher
spin-2 currents
Let us consider the second type of OPE with the preliminary results in previous section where
the explicit forms for the higher spin-2 currents are known. It turns out that we have
ψ(
3
2
)(z)φ(2),i(w) =
1
(z − w)2
1
(2c − 3)
[
6cGi − 18ΨJ i
]
(w)
+
1
(z − w)
[
1
3
∂(pole two) +
1
(c+ 1)(2c − 3)
(
6ic(ǫijkJ jGk − 2
3
i∂Gi)
− 18(∂ΨJ i − 1
3
∂(ΨJ i))
)
− 1
2
C
(2)
( 3
2
)( 3
2
)
φ(
5
2
),i
]
(w) + · · · , (4.2) {?}
where the correct coefficient 1
3
for the descendant term in the first-order pole of (4.2) is taken.
We can further examine the first-order pole in order to write down in terms of the sum of
quasiprimary currents. In this case, there are two kinds of quasiprimary currents. In addition
to them, there exists a new primary current φ(
5
2
),i(w) which belongs to the previous N = 3
higher spin multiplet Φ(2)(Z2) in (2.6). At the moment, it is not obvious how the structure
constant appearing in the φ(
5
2
),i(w) behaves as the one in (4.2) but this will arise automatically
after the analysis of Jacobi identity in next section. In other words, that structure constant
can be written in terms of the one introduced in (4.1). Note that in the OPE (4.2), the free
index i of SO(3) group appears on the right hand side also.
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4.3 The OPE between the higher spin-32 current and the higher
spin-52 currents
Let us consider the third type of OPE which will be the one of the main important results of
this paper. Again, based on the previous section, there are known higher spin-5
2
currents in
terms of coset fermions for fixed c = 6. We obtain the following OPE
ψ(
3
2
)(z)ψ(
5
2
),i(w) =
1
(z − w)3 6J
i(w) − 1
(z − w)2
18
(2c− 3)ΨG
i(w)
+
1
(z − w)
[
1
4
∂(pole two)
+
1
(c+ 1)(c + 6)(2c − 3)
(
18i(5c + 6)(ǫijkΨJ jGk − 2
3
iΨ∂Gi)
− 18ic(c + 2)(ǫijkGjGk − 2
3
i∂2J i) + 36(c2 + 3c+ 6)(TJ i − 1
2
∂2J i)
− 54(c + 2)J iJ jJ j + 72ic(ǫijk∂J jJk − 1
3
i∂2J i)
+ 6(c2 − 17c − 42)(∂ΨGi − 1
4
∂(ΨGi))− 72c∂ΨΨJ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
3(c + 3)
5(c− 3)cΨφ
( 5
2
),i +
9(3c − 1)
5(c− 3)c J
iψ(2) +
3(c − 7)
10(c − 3)ψ
(3),i
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
φ(3),i + C
(3)
( 3
2
)( 5
2
)
ψ(3),α=i
]
(w) + · · · . (4.3) {?}
After subtracting the descendant term with the coefficient 1
4
, there exist various quasiprimary
currents and primary currents as in (4.3). We can easily check the above seven quasiprimary
currents do not have any singular term in the third-order pole in the OPE with T (z). Fur-
thermore, there are three primary currents with structure constant C
(2)
( 3
2
)( 3
2
)
whose presence is
not clear at the moment. Among them, the higher spin-3 current ψ(3),i belongs to previous
N = 3 higher spin multiplet Φ(2)(Z2) in (2.6). Furthermore, there exists a primary current
with structure constant C
( 5
2
)
( 3
2
)(3)
which will be defined in next OPE soon. This primary current
belongs to the N = 3 higher spin multiplet Φ( 52 )(Z2) in (2.6). Now the crucial point is the
presence of the last term with the structure constant C
(3)
( 3
2
)( 5
2
)
we introduce (or define). We
can check that the first-order pole subtracted by the descendant term, seven quasiprimary
current terms, and four primary current terms (which is given in terms of the coset fermions
explicitly), denoted by ψ(3),α=i with above structure constant, transforms as a primary current
under the stress energy tensor T (z). Furthermore, the other defining equations, the first, the
fifth and the ninth equations, presented in Appendix B are satisfied. Note that the higher
spin-3 current ψ(3),α=i belongs to the N = 3 higher spin multiplet Φ(3),α(Z2) in (2.6). Be-
cause the left hand side has a free index i for SO(3), we identify that the representation α
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corresponds to the SO(3) vector index.
4.4 The OPE between the higher spin-3
2
current and the higher
spin-3 current
Let us describe the fourth type of OPE. Again, based on the previous section, we can calculate
the following OPE and it turns out that
ψ(
3
2
)(z)φ(3)(w) =
1
(z − w)4 3Ψ(w) −
1
(z −w)3 3∂Ψ(w)
+
1
(z − w)2
[
1
(c+ 1)(2c − 3)
(
6(c+ 3)(TΨ − 3
4
∂2Ψ) + 36
c(c + 1)
(c+ 6)
J iGi
− 9(13c + 18)
(c+ 6)
ΨJ iJ i
)
+
3
2c
C
(2)
( 3
2
)( 3
2
)
Ψψ(2) + C
( 5
2
)
( 3
2
)(3)
ψ(
5
2
)
]
(w)
+
1
(z − w)
[
1
5
∂(pole two) +
1
(c+ 1)(2c − 3)
(
− 24(c + 3)(∂ΨT − 1
5
∂(ΨT ))
− 12c(∂J iGi − 2
5
∂(J iGi)) + 18(∂ΨJ iJ i − 1
5
∂(ΨJ iJ i))
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 9
2(c− 3)(∂Ψψ
(2) − 1
5
∂(Ψψ(2)))− 3
2(c − 3)J
iφ(
5
2
),i
− (c− 12)
5(c− 3)φ
( 7
2
)
)
− 1
4
C
(3)
( 3
2
)( 5
2
)
φ(
7
2
),i,α=i
]
(w) + · · · . (4.4) {?}
At the second-order pole of (4.4), there are three quasiprimary currents. Furthermore, there
exists a primary current ψ(
5
2
)(w) which belongs to the N = 3 higher spin multiplet Φ( 52 )(Z2)
in (2.6) in addition to the composite current which is also primary current. We introduce
the structure constant C
( 5
2
)
( 3
2
)(3)
. At the first-order pole, we have the descendant term with
coefficient 1
5
. There are also three quasiprimary currents. The quasiprimary current appears
in the first term with the structure constant C
(2)
( 3
2
)( 3
2
)
. The next two terms are primary currents.
Finally, the primary higher spin-7
2
currents, which are the second components of the N = 3
higher spin multiplet Φ(3),α(Z2) in (2.6), appear. There is a summation over the index i.
4.5 The remaining other OPEs
For the remaining OPEs between the higher spin currents, we have checked that they can be
written in terms of known currents and known higher spin currents for fixed central charge
using the package of [29].
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5 The next higher spin currents
The next lowest higher spin-2 current ψ(2)(w) was obtained from (4.1) by looking at the
first-order pole. In other words, by subtracting the three quasiprimary currents in the first-
order pole from the left hand side of (4.1), we obtain the nontrivial expression which should
satisfy the properties in Appendix B. Because we have explicit form for the higher spin-2
current in terms of fermions, we can also calculate the OPE between this higher spin-2 current
and itself and this will eventually determine the structure constant C
(2)
( 3
2
)( 3
2
)
together with the
normalization for the higher spin-2 current we fix. Of course, for the (N,M) = (2, 2), we
have the explicit expression for the higher spin-2 current in terms of previous fermions. As
done in section 3, the corresponding remaining 7 higher spin currents residing on the N = 3
higher spin multiplet Φ(2)(Z) in (2.6) can be obtained using the N = 3 supersymmetry spin-3
2
currents.
The next lowest higher spin-5
2
current ψ(
5
2
)(w) has been observed from (4.4) by looking
at the second-order pole. Again, there are three quasiprimary currents and the composite
current with the previous structure constant. Because the left hand side of (4.4) can be
calculated from the explicit form from the section 3, we can extract the higher spin-5
2
current
with the structure constant C
( 5
2
)
( 3
2
)(3)
. Furthermore, in order to fix the normalization for the
higher spin-5
2
current, we should calculate the OPE between this higher spin-5
2
current and
itself. Then as we did before, the corresponding remaining 7 higher spin currents residing
on the N = 3 higher spin multiplet Φ( 52 )(Z) in (2.6) can be determined using the N = 3
supersymmetry spin-3
2
currents.
The next lowest higher spin-3 currents ψ(3),α=i(w) were found from (4.3) by looking at the
first-order pole. Once again, for each index i, the higher spin-3 current with the structure
constant C
(3)
( 3
2
)( 5
2
)
can be determined from the first-order pole of (4.3) in terms of fermions and
the algebraic expressions on the right hand side of (4.3). Based on the higher spin-3 currents,
the corresponding remaining each 7 higher spin currents residing on the N = 3 higher spin
multiplet Φ(3),α=i(Z) in (2.6) can be determined, in principle, using the previous N = 3
supersymmetry spin-3
2
currents.
6 The OPEs between the lowest eight higher spin cur-
rents in N = 2 superspace
To obtain the complete OPEs between the 8 higher spin currents in the N = 2 superspace,
the complete composite fields appearing in the OPEs should be determined. It is known that
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some of the OPEs between the 8 higher spin currents in the component approach are found
explicitly for (N,M) = (2, 2). Then we can move to the N = 2 superspace by collecting
those OPEs in the component approach and rearranging them in an N = 2 supersymmetric
way. So far, all the coefficients in the OPEs are given with fixed N and M . Now we set these
coefficients as functions of N and M and use Jacobi identities between the N = 2 currents or
higher spin currents. Eventually, we obtain the complete structure constants with arbitrary
central charge appearing in the complete OPEs in the N = 2 superspace.
Let us introduce the two N = 2 higher spin currents 5
W(
3
2
)(Z) = 2ψ(
3
2
)(z) + θ (φ(2),1 + iφ(2),2)(z) + θ¯ (−φ(2),1 + iφ(2),2)(z) + θθ¯ ψ( 52 ),3(z)
≡
(
2ψ(
3
2
), φ(2),1 + iφ(2),2, −φ(2),1 + iφ(2),2, ψ( 52 ),3
)
, (6.1) {?}
and
W(2)(Z) = 2φ(2),3(z) + θ (−ψ( 52 ),1 − iψ( 52 ),2)(z) + θ¯ (−ψ( 52 ),1 + iψ( 52 ),2)(z) + θθ¯ 2φ(3)(z)
≡
(
2φ(2),3, −ψ( 52 ),1 − iψ( 52 ),2, −ψ( 52 ),1 + iψ( 52 ),2, 2φ(3)
)
. (6.2) {?}
The exact coefficients appearing in the component currents in (6.1) and (6.2) can be fixed
from Appendix B (or its N = 2 version). For example, the N = 2 stress energy tensor
is given by Appendix (E.1) and the N = 2 primary conditions are given by the first two
equations of Appendix (E.4) which determine the above coefficients exactly. As usual, each
second component current of (6.1) and (6.2) has U(1) charge +1 while each third component
of them has U(1) charge −1. This can be checked from the OPEs between the J3(z) current
of N = 2 superconformal algebra and the corresponding currents above. We would like to
construct the three N = 2 OPEs between these N = 2 higher spin currents.
6.1 The OPE between the N = 2 higher spin-32 current and itself
Let us consider the OPE between W(
3
2
)(Z1) and W
( 3
2
)(Z2). That is, the OPE between the
first N = 2 higher spin-3
2
multiplet and itself. The corresponding component results for
(N,M) = (2, 2) are obtained from section 4. Now one can introduce the arbitrary coefficients
in the right hand side of the OPE. Inside of the package [30], one introduces the OPE in
Appendix (E.3) for the N = 3 superconformal algebra in N = 2 superspace, the OPEs in
5Although we use the same notation for the N = 2 superspace coordinates as Z(Z) for the N = 3
superspace coordinates, it is understood that in N = 2 superspace, we have θ3 = θ¯3 = 0. One can write
down the N = 3 stress energy tensor (2.1) in terms of two N = 2 ones in Appendix (E.1) and Appendix
(E.2) as J(Z) = i4T
( 1
2
)(Z) + θ3 i2T(Z) with θ ≡ θ1 − iθ2 and θ¯ ≡ −θ1 − iθ2. Similarly, one sees Φ(
3
2
)(Z) =
i
4W
( 3
2
)(Z) + θ3 i4W
(2)(Z).
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Appendix (E.4) where the OPEs are given by the two N = 2 currents, T(Z1) and T( 12 )(Z1),
and the N = 2 higher spin multiplets: W( 32 )(Z2) andW(2)(Z2) which have explicit component
currents in (6.1)and (6.2),W(2
′)(Z2) andW
( 5
2
)(Z2),W
( 5
2
′
)(Z2) andW
(3)(Z2),W
(3),α(Z2) and
W(
7
2
),α(Z2). We write down the component currents for the remaining N = 2 higher spin
multiplets as follows:
W
(2′)(Z) = 2ψ(2)(z) + θ (φ(
5
2
),1 + iφ(
5
2
),2)(z) + θ¯ (−φ( 52 ),1 + iφ( 52 ),2)(z) + θθ¯ ψ(3),3(z)
≡
(
2ψ(2), φ(
5
2
),1 + iφ(
5
2
),2, −φ( 52 ),1 + iφ( 52 ),2, ψ(3),3
)
,
W
( 5
2
)(Z) = 2φ(
5
2
),3(z) + θ (−ψ(3),1 − iψ(3),2)(z) + θ¯ (−ψ(3),1 + iψ(3),2)(z) + θθ¯ 2φ( 72 )(z)
≡
(
2φ(
5
2
),3, −ψ(3),1 − iψ(3),2, −ψ(3),1 + iψ(3),2, 2φ( 72 )
)
,
W
( 5
2
′
)(Z) = 2ψ(
5
2
)(z) + θ (φ(3),1 + iφ(3),2)(z) + θ¯ (−φ(3),1 + iφ(3),2)(z) + θθ¯ ψ( 72 ),3(z)
≡
(
2ψ(
5
2
), φ(3),1 + iφ(3),2, −φ(3),1 + iφ(3),2, ψ( 72 ),3
)
,
W
(3)(Z) = 2φ(3),3(z) + θ (−ψ( 72 ),1 − iψ( 72 ),2)(z) + θ¯ (−ψ( 72 ),1 + iψ( 72 ),2)(z) + θθ¯ 2φ(4)(z)
≡
(
2φ(3),3, −ψ( 72 ),1 − iψ( 72 ),2, −ψ( 72 ),1 + iψ( 72 ),2, 2φ(4)
)
,
W
(3),α(Z) = 2ψ(3),α + θ (φ(
7
2
),1,α + iφ(
7
2
),2,α) + θ¯ (−φ( 72 ),1,α + iφ( 72 ),2,α) + θθ¯ ψ(4),3,α
≡
(
2ψ(3),α, φ(
7
2
),1,α + iφ(
7
2
),2,α, −φ( 72 ),1,α + iφ( 72 ),2,α, ψ(4),3,α
)
,
W
( 7
2
),α(Z) = 2φ(
7
2
),3,α + θ (−ψ(4),1,α − iψ(4),2,α) + θ¯ (−ψ(4),1,α + iψ(4),2,α) + θθ¯ 2φ( 92 ),α
≡
(
2φ(
7
2
),3,α, −ψ(4),1,α − iψ(4),2,α, −ψ(4),1,α + iψ(4),2,α, 2φ( 92 ),α
)
. (6.3) {?}
As described before, each second component current for the first four higher spin multiplets
in (6.3) has U(1) charge +1 and each third component current for them has U(1) charge
−1. For the other two higher spin multiplets, the U(1) charge is little different from the
above assignments. 6 Then one can write downW(
3
2
)(Z1)W
( 3
2
)(Z2),W
( 3
2
)(Z1)W
(2)(Z2), and
W(2)(Z1)W
(2)(Z2), with arbitrary coefficients. From the component results, we can reduce
the independent terms appearing on the right hands of these OPEs. If we do not know them,
we should include all possible terms with correct spins at each singular terms. We can consider
the cubic terms in N = 2 currents, T(Z2) and T( 12 )(Z2) and the linear terms in the N = 2
6We list for the higher spin currents having U(1) charge +1 as follows: (ψ(3),α=1 + iψ(3),α=2)(z),
(φ(
7
2
),3,α=1 + iφ(
7
2
),3,α=2)(z), (φ(
7
2
),1,α=3 + iφ(
7
2
),2,α=3)(z), (ψ(4),1,α=3 + iψ(4),2,α=3)(z), (ψ(4),3,α=1 +
iψ(4),3,α=2)(z), and (φ(
9
2
),α=1 + iφ(
9
2
),α=2)(z). The corresponding higher spin currents with U(1) charge
−1 can be obtained by changing each second term of above ones with minus sign. Furthermore, we have the
higher spin currents (φ(
7
2
),1,α=1 ± iφ( 72 ),1,α=2 ± iφ( 72 ),2,α=1 − φ( 72 ),2,α=2)(z) with U(1) charge ±2. Similarly,
there are the higher spin currents (ψ(4),1,α=1 ± iψ(4),1,α=2 ± iψ(4),2,α=1 − φ(4),2,α=2)(z) with U(1) charge ±2.
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higher spin multiplets with the additions of the covariant derivatives, D, D and the partial
derivative ∂ (there are also mixed terms between them). The number of these derivatives
(D,D and ∂) are constrained to satisfy the correct spin for the composite currents.
By using the Jacobi identity 7 between the three (higher spin) currents
(T,W(
3
2
),W(
3
2
)), (T(
1
2
),W(
3
2
),W(
3
2
)), (T,W(
3
2
),W(2)), (T(
1
2
),W(
3
2
),W(2)),(6.4) {?}
all the structure constants which depend on the central charge c are determined except
three unknown ones. There are also the Jacobi identities between the higher spin currents,
(T,W(2),W(2)) and (T(
1
2
),W(2),W(2)), but these are satisfied automatically after imposing
the above Jacobi identities (6.4). The first OPE can be summarized by
W
( 3
2
)(Z1)W
( 3
2
)(Z2) =
1
z312
8c
3
+
θ12θ¯12
z312
12T(Z2)
+
θ12
z212
1
(2c− 3)
[
− 24cDT − 18T( 12 )DT( 12 )
]
(Z2)
+
θ¯12
z212
1
(2c− 3)
[
24cDT− 18T( 12 )DT( 12 )
]
(Z2)
+
θ12θ¯12
z212
[
− 9
(2c− 3)T
( 1
2
)[D,D]T(
1
2
) + 12∂T
]
(Z2)
+
1
z12
[
1
(c+ 1)(2c − 3)
(
− 6(c + 3)∂T( 12 )T( 12 ) + 24cDT( 12 )DT( 12 )
− 24cTT− 8c(c + 3)[D,D]T− 24c∂T
)
+ 2C
(2)
( 3
2
)( 3
2
)
W
(2′)
]
(Z2)
+
θ12
z12
[
1
(c+ 1)(2c − 3)
(
− 6(2c + 3)∂DT( 12 )T( 12 ) − 12c∂T( 12 )DT( 12 )
− 8c(2c + 3)∂DT+ 6c[D,D]T( 12 )DT( 12 ) − 24cTDT
)
+ C
(2)
( 3
2
)( 3
2
)
DW(2
′)
]
(Z2)
+
θ¯12
z12
[
1
(c+ 1)(2c − 3)
(
− 6(2c + 3)∂DT( 12 )T( 12 ) − 12c∂T( 12 )DT( 12 )
+ 16c2∂DT− 6cDT( 12 )[D,D]T( 12 ) − 24cTDT
)
+ C
(2)
( 3
2
)( 3
2
)
DW(2
′)
]
(Z2)
+
θ12θ¯12
z12
[
1
(c+ 1)(c + 6)(2c − 3)
(
6c2∂[D,D]T(
1
2
)
T
( 1
2
)
7The outcome of OPEJacobi is a double list of operators [58]. It is better to analyze the elements at the
end of the list first because the higher spin currents with large spin appear in the beginning of this list while
the higher spin currents with small spin appear at the end of this list.
22
+ 18(c+ 6)∂DT(
1
2
)DT(
1
2
) − 18(c + 6)∂DT( 12 )DT( 12 )
− 9(c− 2)(c + 3)∂T( 12 )[D,D]T( 12 ) − 36cT∂T( 12 )T( 12 )
− 108(c + 2)∂TT
+ 6(2c3 + 9c2 − 9c− 18)∂2T− 36c(c + 2)∂[D,D]T
− 36(c2 + 3c+ 6)T[D,D]T + 108(c + 2)TDT( 12 )DT( 12 )
− 18(5c + 6)DTT( 12 )DT( 12 ) − 18(5c + 6)DTT( 12 )DT( 12 )
− 144(c + 2)cDTDT− 108(c + 2)TTT
)
+ C
(2)
( 3
2
)( 3
2
)
(
9(3c − 1)
5(c− 3)cTW
(2′) +
3(c+ 3)
10(c − 3)cT
( 1
2
)
W
( 5
2
) (6.5) {?}
− 3(c − 7)
10(c− 3) [D,D]W
(2′)
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
W
(3) +C
(3)
( 3
2
)( 5
2
)
W
(3),3
]
(Z2) + · · · .
As described before, the maximum power of N = 2 currents is given by 3 while the N = 2
higher spin multiplets appear linearly (there are also mixed terms). There are three unknown
structure constants in the OPE. Moreover, we describe the above OPE in simple form as
[W(
3
2
)] · [W( 32 )] = [I] + [W(2′)] + [W( 52 )] + [W(3)] + [W(3),3], (6.6) {?}
where [I] in (6.6) stands for the N = 3 superconformal family of identity operator. We have
seen the presence of ψ(3),α=i(w) in the OPE of (4.3). In particular, for α = i = 3, this higher
spin-3 current is the first component of the N = 2 higher spin multiplet W(3),α=3(Z).
6.2 The OPE between the N = 2 higher spin-32 current and the
N = 2 higher spin-2 current
The explicit OPE for this case is given by Appendix (E.7) and can be summarized by
[W(
3
2
)] · [W(2)] = [I] + [W(2′)] + [W( 52 )] + [W( 52 ′)] + [W(3),1] + [W(3),2] + [W( 72 ),3].(6.7) {?}
The N = 3 higher spin multiplets, W(3),1(Z2) and W(3),2(Z2), appear in particular combina-
tions in (6.7). Because the spin of the left hand side is given by 7
2
, we can have the higher
spin-7
2
current on the right hand side of (6.7). According to (6.3), the three higher spin-7
2
currents φ(
7
2
),i,α(z) for each α are residing on the second and third components of W(3),α(Z)
and the first component ofW(
7
2
),α(Z). When we look at the last line of the OPE in Appendix
(E.7), we realize that the θi = θ¯i = 0 projection (after multiplying the derivatives D
1
2D
2
2
(or [D2, D2]) on both sides) will give rise to the sum of the previous higher spin-
7
2
currents,
denoted by φ(
7
2
),i,α=i(w) which appeared in the last term of the first-order pole of (4.4). In
other words, the α index in (6.7) associated with the last three terms is summed over the
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different N = 2 higher spin multiplets and the other dummy index i is hidden in them. That
is, SO(3) index i is contained in the second and third components of W(3),α(Z) and the first
component of W(
7
2
),α(Z) for fixed α.
6.3 The OPE between the N = 2 higher spin-2 current and itself
The explicit OPE for this case is given by Appendix (E.8) and can be summarized by
[W(2)] · [W(2)] = [I] + [W(2′)] + [W( 52 )] + [W(3)] + [W(3),3] + [W( 72 ),1] + [W( 72 ),2]. (6.8) {?}
In this case, theN = 3 higher spin multiplets,W( 72 ),1(Z2) andW( 72 ),2(Z2), appear in particular
combinations in (6.8). Note that the θ, θ¯ independent term (or the first component) ofW(2)(Z)
in (6.2) contains the SO(3) index 3. Furthermore, the other two SO(3) indices 1 and 2 appear
in the second or third component of W(2)(Z) in (6.2). Then we can understand that the α
indices 1 and 2 of the last two terms in (6.8) correspond to those in the second or third
component of W(2)(Z2) in (6.2) when we select the first component for the W
(2)(Z1) on the
left hand side of (6.8). In the component approach, one can think of the OPE φ(2),3(z)ψ(
5
2
),1(w)
or the OPE φ(2),3(z)ψ(
5
2
),2(w). This will produce φ(
7
2
),3,α=1(w) or φ(
7
2
),3,α=2(w) respectively.
Similarly, if we take the fourth component ofW(2)(Z2) in (6.2) (there is no SO(3) index) with
the same the first component for the W(2)(Z1), then the α index 3 in the W
(3),3(Z2) in (6.8)
originates from the above index 3 in the first component of the W(2)(Z1). In other words, in
the component approach, the OPE φ(2),3(z)φ(3)(w) will lead to ψ(3),α=3(w) on the right hand
side.
7 The OPEs between the lowest eight higher spin cur-
rents in N = 3 superspace
We summarize the previous results in the N = 3 superspace along the line of [59].
7.1 The OPEs between the lowest eight higher spin currents in the
component approach
In the previous section, the complete N = 2 OPEs with complete structure constants are
fixed. Again, using the package in [30], we can proceed to the component approach where
the 36 OPEs are determined completely. They are presented in Appendix F with simplified
notation. We might ask whether or not there exists a possibility of having new primary
currents in these 36 OPEs. Because we do not check for them from the 8 higher spin currents
24
in N = 3 Kazama-Suzuki coset model for generic (N,M) manually, we should be careful
about the occurrence of new primary currents in the OPEs. However, in the present case,
such a feature does not arise. We have confirmed that there are no extra primary currents
in the basic 8 OPEs between the higher spin-3
2
current and 8 higher spin currents using the
WZW currents for several (N,M) values. We believe that these basic 8 OPEs are satisfied
even if we try to calculate them manually.
Let us present how we can read off the component result from its N = 2 version. Let us
consider the simplest example given in (4.1). Because the first component of W
3
2 (Z) is given
by 2ψ(
3
2
)(z). We can obtain the following OPE. At the final stage, we put θi = θ¯i = 0 in
order to extract the corresponding component OPE. It turns out that the following expression
holds, from (6.5),
1
2
W
( 3
2
)(Z1)
1
2
W
( 3
2
)(Z2)
∣∣∣∣∣
θi=θ¯i=0
=
1
(z − w)3
2c
3
+
1
(z − w)
[(
1
2
C
(2)
( 3
2
)( 3
2
)
W
(2′) − 2c(c+ 3)
(c+ 1)(2c − 3) [D,D]T
− 6c
(c+ 1)(2c − 3)TT+
6c
(c+ 1)(2c − 3)DT
( 1
2
)DT(
1
2
)
− 3(c+ 3)
2(c+ 1)(2c − 3)∂T
( 1
2
)
T
( 1
2
)
− 6c
(c+ 1)(2c − 3)∂T
)
θi=θ¯i=0
]
(w) + · · · . (7.1) {?}
In the first-order pole of (7.1), before we take the condition θi = θ¯i = 0, they are written in
terms of N = 2 (higher spin) currents. As we take this condition, each factor current in the
composite currents reduces to its component current. Using the relations in Appendix (E.1),
(6.1) and (6.3) with the relation [J1, J2](w) = i∂J3(w), we obtain the previous OPE in (4.1).
In this way we can obtain the remaining 35 OPEs from its three N = 2 OPEs. We present
the 36 component OPEs in Appendix F for convenience: Appendix (F.1), Appendix (F.2)
and Appendix (F.3).
7.2 The N = 3 description
The final single N = 3 OPE between the N = 3 (higher spin current) multiplet of superspin
3
2
, with the help of Appendix (F.4) and (4.1), can be described as
Φ
( 3
2
)(Z1)Φ
( 3
2
)(Z2) =
θ3−012
z412
3J(Z2)− 1
z312
c
6
+
θ3−i12
z312
3DiJ(Z2) +
θ3−012
z312
6∂J(Z2)
+
θ3−i12
z212
[
− 18
(2c− 3)JD
3−i
J+ 3∂DiJ
]
(Z2)
25
+
θi12
z212
1
(2c− 3)
[
3cD3−iJ− 18JDiJ
]
(Z2)
+
θ3−012
z212
[
1
(c+ 1)(2c − 3)
(
− 6(c + 3)(D3−0JJ+ 3
4
∂2J)− 72c(c + 1)
(c+ 6)
DiJD3−iJ
+
36(13c + 18)
(c+ 6)
JDiJDiJ
)
+
9
2
∂2J− 3i
c
C
(2)
( 3
2
)( 3
2
)
JΦ
(2) + C
( 5
2
)
( 3
2
)(3)
Φ
( 5
2
)
]
(Z2)
+
1
z12
[
1
(c+ 1)(2c − 3)
(
c(c + 3)D3−0J− 6cDiJDiJ− 6(c+ 3)∂JJ
)
+
1
2
iC
(2)
( 3
2
)( 3
2
)
Φ
(2)
]
(Z2)
+
θi12
z12
[
2
3
∂(
θi12
z212
− term) + 1
(c+ 1)(2c − 3)
(
− 6c(ǫijkDjJD3−kJ+ 1
3
∂D3−iJ)
+ 18(∂JDiJ− 1
3
∂(JDiJ))
)
+
i
4
C
(2)
( 3
2
)( 3
2
)
DiΦ(2)
]
(Z2)
+
θ3−i12
z12
[
3
4
∂(
θ3−i12
z212
− term)− 3
4
∂2DiJ
+
1
(c+ 1)(c + 6)(2c − 3)
(
− 36(5c + 6)(ǫijkJDjJD3−kJ+ 1
3
J∂D3−iJ)
+ 18c(c + 2)(ǫijkD3−jJD3−kJ− 1
3
∂2DiJ)− 18(c2 + 3c+ 6)(D3−0JDiJ
+
1
2
∂2DiJ)
+ 108(c + 2)DiJDjJDjJ+ 36c(2ǫijk∂DjJDkJ+
1
3
∂2DiJ)
− 6(c2 − 17c − 42)(∂JD3−iJ− 1
4
∂(JD3−iJ)) + 144c∂JJDiJ
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 3i(c + 3)
5c(c − 3)JD
i
Φ
(2) − 9i(3c − 1)
5c(c − 3) D
i
JΦ
(2) − 3i(c − 7)
20(c − 3)D
3−i
Φ
(2)
)
+
1
5
C
( 5
2
)
( 3
2
)(3)
DiΦ(
5
2
) +
1
2
C
(3)
( 3
2
)( 5
2
)
Φ
(3),α=i
]
(Z2)
+
θ3−012
z12
[
4
5
∂(
θ3−012
z212
− term)− 8
5
∂3J
+
1
(c+ 1)(2c − 3)
(
− 24(c + 3)(∂JD3−0J− 1
5
∂(JD3−0J))
− 24c(∂DiJD3−iJ− 2
5
∂(DiJD3−iJ)) + 72(∂JDiJDiJ− 1
5
∂(JDiJDiJ))
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 9i
(c− 3)(∂JΦ
(2) − 1
5
∂(JΦ(2)))− 3i
(c− 3)D
i
JDiΦ(2)
26
− i(c− 12)
10(c− 3)D
3−0
Φ
(2)
)
+
1
4
C
(3)
( 3
2
)( 5
2
)
DiΦ(3),α=i
]
(Z2) + · · · . (7.2) {?}
We can easily see that there are consistent SO(3) index contractions with SO(3)-invariant
tensors ǫijk and δij on the right-hand side of the OPE (7.2).8
Therefore, the OPE for the lowest 8 higher spin currents in the N = 3 superspace can be
characterized by [
Φ(
3
2
)
]
·
[
Φ(
3
2
)
]
= [I] +
[
Φ(2)
]
+
[
Φ(
5
2
)
]
+ θ3−i
[
Φ(3),i
]
, (7.3) {?}
where [I] denotes the large N = 3 linear superconformal family of the identity operator. In
the last term of (7.3), we put the quadratic fermionic coordinates in order to emphasize that
the SO(3) index i is summed in (7.3). In N = 3 superspace, it is clear that the additional
N = 3 higher spin-3 multiplet should transform as the triplet of SO(3). The above OPE
(7.3) is equivalent to the previous result given by (6.5), Appendix (E.7), and Appendix (E.8)
in the N = 2 superspace. Note that the N = 3 multiplet Φ(32 )(Z) stands for the two N = 2
higher spin multiplets W(
3
2
)(Z), and W(2)(Z). 9
8 The extension of SO(N = 3) nonlinear Knizhnik Ber-
shadsky algebra
So far we have considered the N = 3 linear superconformal algebra and its extension. Among
the eight currents of the N = 3 linear superconformal algebra, we can decouple the spin-1
2
current Ψ(z) from the other remaining seven currents, along the lines of [60, 61, 62]. In this
section, we would like to obtain the lowest eight higher spin currents and their OPEs after
factoring out the above spin-1
2
current.
8 Let us examine how the N = 3 OPE can be reduced to the corresponding OPE in the component
approach. Let us multiply both sides of (7.2) by the operator D12 D
2
2 with the condition of θ
i
1 = 0 = θ
i
2. Then
the left-hand side is given by i2ψ
( 3
2
)(z) (−1) 12ψ(
5
2
),3(w). In contrast, the right-hand side contains D12 D
2
2
θ1
12
θ2
12
z2
12
with current-dependent terms and this leads to the singular term − 1(z−w)2 . Therefore, the nonlinear second-
order term of the OPE ψ(
3
2
)(z)ψ(
5
2
),3(w) is given by 18(2c−3) JD
1D2J(Z2) at vanishing θ
i
2. Furthermore,
the additional contribution from the
θi
12
z2
12
leads to − 36(2c−3) JD1D2J(Z2) at vanishing θi2. Then we obtain
− 18(2c−3) ΨG3(w) which is equal to the particular singular term in the corresponding OPE in Appendix F .
9Let us describe how we can obtain the N = 2 superspace description starting from its N = 3 version
in (7.2). Let us focus on the simplest OPE given by (6.5). Setting θ31 = θ
3
2 = 0 in (7.2) gives rise to
i
4W
( 3
2
)(Z1)
i
4W
( 3
2
)(Z2) on the left-hand side. For the terms θ
3−i
12 with i = 3, we do have any nonzero
contributions. Let us focus on the third-order pole of (7.2). We have the relation
θ1
12
θ2
12
z3
12
= i2
θ12 θ12
z3
12
and we
obtain that the coefficient of θ12 θ12
z3
12
is given by − 34T(Z2) where we used the fact that D3J(Z2) at vanishing
θ32 is equal to
i
2T(Z2). This provides the corresponding term in (6.5), as we expect. It is straightforward to
check the other remaining terms explicitly.
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8.1 Knizhnik Bershadsky algebra
According to the OPEs in Appendix A, the spin-1 currents of the N = 3 superconformal
algebra do not have any singular terms with the spin-1
2
current. Then it is natural to take
the spin-1 currents as the previous one J i(z). For the spin-3
2
currents and the spin-2 current,
we should obtain the new spin-3
2
currents and spin-2 current. It turns out that the new seven
currents are described as [24, 63]
Tˆ (z) = T (z) +
3
2c
Ψ∂Ψ(z),
Gˆi(z) = Gi(z)− 3
c
J iΨ(z),
Jˆ i(z) = J i(z). (8.1) {?}
The relative coefficients appearing on the right hand side of (8.1) can be fixed by requiring
that the following conditions should satisfy
Ψ(z) Tˆ (w) = + · · · ,
Ψ(z) Gˆi(w) = + · · · ,
Ψ(z) Jˆ i(w) = + · · · . (8.2) {?}
Then we can calculate the OPEs between the new seven currents using (8.1) and they can
be summarized by [27, 28]
Jˆ i(z) Jˆ j(w) =
1
(z − w)2
c
3
δij +
1
(z − w) iǫ
ijkJˆk(w) + · · · ,
Jˆ i(z) Gˆj(w) =
1
(z − w) iǫ
ijkGˆk(w) + · · · ,
Gˆi(z) Gˆj(w) =
1
(z − w)3
1
3
(2c− 3)δij + 1
(z − w)2
i(2c − 3)
c
ǫijkJˆk(w)
+
1
(z − w)
[
2δij Tˆ + iǫijk∂Jˆk − 3
c
Jˆ iJˆ j
]
(w) + · · · ,
Tˆ (z) Jˆ i(w) =
1
(z − w)2 Jˆ
i(w) +
1
(z − w)∂Jˆ
i(w) + · · · ,
Tˆ (z) Gˆi(w) =
1
(z − w)2
3
2
Gˆi(w) +
1
(z −w)∂Gˆ
i(w) + · · · ,
Tˆ (z) Tˆ (w) =
1
(z − w)4
1
4
(2c− 1) + 1
(z − w)2 2Tˆ (w) +
1
(z − w)∂Tˆ (w) + · · · . (8.3) {?}
Note that there exists a nonlinear term in the OPE between the spin-3
2
currents. One can
easily see that the above OPEs (8.3) become the one in [27] (where there is a typo in the
OPE) if one changes iJˆ i(z) = J iK(z) and other currents remain unchanged.
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8.2 The extension of Knizhnik Bershadsky current
According to the first OPE in Appendix B, the lowest higher spin current of any N = 3
multiplet does not have any singular terms with the spin-1
2
current. Then it is natural to
take the lowest higher spin-3
2
current as the previous one ψ(
3
2
)(z). Similarly, the second higher
spin-2 currents residing the SO(3)-singlet N = 3 multiplet do not have any singular terms
due to the second OPE in Appendix B. Then we do not have to modify the higher spin-2
currents.
On the other hand, for the SO(3)-triplet N = 3 higher spin multiplet, the second higher
spin-7
2
currents do have the singular terms with the spin-1
2
current from the second OPE in
Appendix B. Therefore we should find the new higher spin-7
2
, 4, 9
2
currents. The final results
for the new higher spin currents are given by
ψˆ(
3
2
)(z) = ψ(
3
2
)(z),
φˆ(2),i(z) = φ(2),i(z),
ψˆ(
5
2
),i(z) = ψ(
5
2
),i(z)− 3
c
φ(2),iΨ(z),
φˆ(3)(z) = φ(3)(z)− 3
2c
∂ψ(
3
2
)Ψ(z) +
9
2c
ψ(
3
2
)∂Ψ(z),
ψˆ(2)(z) = ψ(2)(z),
φˆ(
5
2
),i(z) = φ(
5
2
),i(z),
ψˆ(3),i(z) = ψ(3),i(z)− 3
c
Ψφ(
5
2
),i(z),
φˆ(
7
2
)(z) = φ(
7
2
)(z) +
3
2c
Ψ∂ψ(2)(z)− 6
c
∂Ψψ(2)(z),
ψˆ(
5
2
)(z) = ψ(
5
2
)(z),
φˆ(3),i(z) = φ(3),i(z),
ψˆ(
7
2
),i(z) = ψ(
7
2
),i(z)− 3
c
Ψφ(3),i(z),
φˆ(4)(z) = φ(4)(z) +
3
2c
Ψ∂ψ(
5
2
)(z)− 15
2c
∂Ψψ(
5
2
)(z),
ψˆ(3),α(z) = ψ(3),α(z),
φˆ(
7
2
),i,α=j(z) = φ(
7
2
),i,α=j(z)− 3
c
iǫijkΨψ(3),α=k(z),
ψˆ(4),i,α=j(z) = ψ(4),i,α=j(z)− 3
c
Ψ
(
φ(
7
2
),i,α=j + φ(
7
2
),j,α=i − δijφ( 72 ),k,α=k
)
(z), (8.4) {?}
φˆ(
9
2
),α=i(z) = φ(
9
2
),α=i(z) +
3
2c
i ǫijkΨψ(4),j,α=k(z) +
3
2c
Ψ∂ψ(3),α=i(z)− 9
c
∂Ψψ(3),α=i(z).
Of course, these are regular with the spin-1
2
current Ψ(z) as in (8.2). The Ψ dependent terms
in the third and fourth equations in (8.4) leads to the nonlinear higher spin currents in their
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OPEs. Note that for the higher spin currents with α representation the lowest higher spin
currents remain unchanged only. See the last four equations of (8.4).
8.3 The OPEs between the eight lowest higher spin currents
Using the explicit expressions in (8.4), we can calculate the OPEs between the higher spin
currents. We should reexpress the right hand sides of these OPEs in terms of new N = 3
higher spin currents in addition to the new N = 3 currents.
We summarize the OPEs as follows:
[
ψˆ(
3
2
)
]
·
[
ψˆ(
3
2
)
]
= [I] +
[
ψˆ(2)
]
,[
ψˆ(
3
2
)
]
·
[
φˆ(2),i
]
= [I] +
[
φˆ(
5
2
),i
]
,[
ψˆ(
3
2
)
]
·
[
ψˆ(
5
2
),i
]
= [I] +
[
ψˆ(2)
]
+
[
ψˆ(3),i
]
+
[
φˆ(3),i
]
+
[
ψˆ(3),α=i
]
,[
ψˆ(
3
2
)
]
·
[
φˆ(3)
]
= [I] +
[
ψˆ(
5
2
)
]
+
[
φˆ(
5
2
),i
]
+
[
φˆ(
7
2
)
]
+
[
φˆ
7
2
,i,α=i
]
,[
φˆ(2),i
]
·
[
φˆ(2),j
]
= [I] + δij
[
ψˆ(2)
]
+ ǫijk
[
ψˆ(3),k
]
+ ǫijk
[
φˆ(3),k
]
+ ǫijk
[
ψˆ(3),α=k
]
,[
φˆ(2),i
]
·
[
ψˆ(
5
2
),j
]
= [I] + δij
[
ψˆ(
5
2
)
]
+ (ǫijk + δij)
[
φˆ(
5
2
),k
]
+
[
φˆ(
5
2
),i
]
+
[
φˆ(
5
2
),j
]
+ δij
[
φˆ(
7
2
)
]
+ ǫijk
[
ψˆ(2)
]
+ δij
[
φˆ(
7
2
),k,α=k
]
+
[
φˆ(
7
2
),i,α=j
]
+ ǫijk
[
ψˆ(
7
2
),k
]
,[
φˆ(2),i
]
·
[
φˆ(3)
]
= [I] +
[
ψˆ(3),i
]
+
[
ψˆ(2)
]
+
[
φˆ(3),i
]
+
[
ψˆ(3),α=i
]
+ ǫijk
[
φˆ(
5
2
),k
]
,
+ ǫijk
[
ψˆ(3),k
]
+ ǫijk
[
ψˆ(4),j,α=k
]
,[
φˆ(
5
2
),i
]
·
[
φˆ(
5
2
),j
]
= [I] + (ǫijk + δij)
[
ψˆ(2)
]
+ (ǫijk + δij)
[
ψˆ(3),k
]
+ ǫijk
[
φˆ(3),k
]
+ ǫijk
[
ψˆ(3),α=k
]
+ δij
[
φˆ(
5
2
),k
]
+
[
φˆ(
5
2
),i
]
+
[
φˆ(
5
2
),j
]
+
[
ψˆ(3),i
]
+
[
ψˆ(3),j
]
+ δij
[
φˆ(4)
]
+
[
ψˆ(4),i,α=j
]
+
[
ψˆ(4),j,α=i
]
+
[
φˆ(2),iφˆ(2),j
]
,[
φˆ(
5
2
),i
]
·
[
φˆ(3)
]
= [I] +
[
φˆ(
5
2
),i
]
+ ǫijk
[
φˆ(
5
2
),k
]
+
[
ψˆ(2)
]
+
[
ψˆ(
7
2
),i
]
+ ǫijk
[
φˆ(
7
2
),j,α=k
]
+ ǫijk
[
ψˆ(3),k
]
+
[
φˆ(
7
2
)
]
+
[
φˆ(
9
2
),α=i
]
+
[
ψˆ(
3
2
)φˆ(2),i
]
, (8.5) {?}[
φˆ(3)
]
·
[
φˆ(3)
]
= [I] +
[
ψˆ(2)
]
+
[
φˆ(
5
2
),i
]
+
[
ψˆ(3),i
]
+
[
φˆ(4)
]
+
[
ψˆ(4),i,α=i
]
+
[
∂ψˆ(
3
2
)ψˆ(
3
2
)
]
.
Here we use the simplified notations where the indices appearing in the N = 3 (nonlinear)
superconformal currents are ignored. This is the reason why the above OPEs (8.5) do not
preserve the covariance in the SO(3) indices. In particular, the nonlinear terms between the
higher spin currents appear in the last three OPEs of (8.5). It is easy to see that these come
from the Ψ dependent terms in the three places of the third and the fourth equations of (8.4).
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9 Conclusions and outlook
We have constructed the eight higher spin currents, (3.11), Appendix (D.2), Appendix (D.3)
and Appendix (D.4). We have found their OPEs given in (6.5), Appendix (E.7) and Appendix
(E.8) or its component results in Appendix (F.1), Appendix (F.2) and Appendix (F.3) or its
N = 3 version in (7.2).
Several comments are in order. The Jacobi identities used in section 6 are not used
completely because the OPEs between the higher spin currents are not known. We emphasize
that those Jacobi identities are exactly zero. As we further study the OPEs between the lowest
higher spin-3
2
current and the next higher spin currents, we expect that the Jacobi identities
are satisfied up to null fields as in [14]. Non-freely generated algebra described in [64] due
to the presence of the null fields has been checked in [36] by applying to the Kazama-Suzuki
model. See also the previous works [65, 66] in the other specific examples how to use the
vacuum character to check the null fields at a given spin.
One might ask whether there is a possibility to have the additional higher spin currents
in the right hand side of (7.2). In Appendix H , we present the (N,M) = (3, 2) case where
there is NO extra higher spin current appearing in the right hand side of (7.2). Although the
vacuum character in the N = 3 Kazama-Suzuki model will be found explicitly (and therefore
the spin contents will be known up to a given spin), it will not be easy to see the extra
higher spin currents completely as we add them in the right hand side of (7.2). In order to
determine the structure constants appearing in these extra higher spin currents, we should
use the other Jacobi identities between them we do not know at the moment. Note that the
structure constants in (7.2) are not determined.
If the extra higher spin currents are present in the right hand side of (7.2) in the large
(N,M) values, we expect that they will appear linearly [1] without spoiling the precise expres-
sion in the OPE (7.2). Of course, they can appear in the combinations with the N = 3 stress
energy tensor as usual. The structure constants in them should contain the factors (c − 6)
corresponding to (N,M) = (2, 2) case, (c− 9) corresponding to (N,M) = (3, 2) case and so
on. We may try to calculate the OPEs from Appendix D manually but this is beyond the
scope of this paper because it is rather involved to obtain the higher spin currents Φ(2)(Z),
Φ(
5
2
)(Z) and Φ(3),α(Z) explicitly with arbitrary (N,M) dependence.
We list some open problems.
• Marginal operator
As in the large c limit, we would like to construct the marginal operator which breaks the
higher spin symmetry but keeps the N = 3 superconformal symmetry. It is an open problem
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to obtain the eigenvalue equation for the various zero modes acting on the corresponding
states and to obtain the mass terms for generic c.
• Orthogonal Kazama-Suzuki model
For the coset in [37]
SˆO(2N +M)k ⊕ SˆO(2NM)1
SˆO(2N)k+M ⊕ SˆO(M)k+2N
, c =
3kNM
(M + 2N + k − 2) , (9.1) {?}
the M = 2 case in (9.1) corresponds to the other type of Kazama-Suzuki model. What
happens for the level k = 2N which is the dual Coxeter number of SO(2N + 2)? It would
be interesting to see whether this coset model makes an enhancement of the original N = 2
supersymmetry and to obtain the higher spin currents (if they exist). The relevant works
[67, 68, 69, 70] on this direction will be useful to construct the higher spin currents. The
relevant work can be found in [71] where the N = 1 supersymmetry enhancement in the
orthogonal coset exists at the critical level.
• Large N = 4 coset theory at the critical level
As described in the introduction, the M = 2 case in the coset model (1.1) is similar
to the large N = 4 coset theory. It is an open problem to check whether there exists an
enhancement of the supersymmetry at the particular critical level or not. It is not known
what is the algebra which has an N supersymmetry with N > 4. Therefore, it is better to
study the fermion model having the N nonlinear superconformal algebra [27, 28]. Then we
should add the appropriate spin-1 and spin-1
2
currents in order to obtain the linear algebra.
It is natural to ask the possibility for the higher spin extension.
• The OPEs between the next higher spin multiplets
So far, we have considered the OPE between the lowest N = 3 higher spin multiplet. It is
an open problem to calculate the other OPEs between the next N = 3 higher spin multiplets.
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A The N = 3 superconformal algebra in section 2
We present the N = 3 superconformal algebra in component approach corresponding to (2.2)
as follows [21, 22]:
Ψ(z)Ψ(w) =
1
(z −w)
c
3
+ · · · ,
Ψ(z)Gi(w) =
1
(z −w) J
i(w) + · · · ,
J i(z)J j(w) =
1
(z −w)2
c
3
δij +
1
(z −w) iǫ
ijkJk(w) + · · · ,
J i(z)Gj(w) =
1
(z −w)2 δ
ijΨ(w) +
1
(z − w) iǫ
ijkGk(w) + · · · ,
Gi(z)Gj(w) =
1
(z −w)3
2c
3
δij +
1
(z − w)2 2iǫ
ijkJk(w) +
1
(z − w)
[
2δijT + iǫijk∂Jk
]
(w) + · · · ,
T (z)Ψ(w) =
1
(z −w)2
1
2
Ψ(w) +
1
(z − w)∂Ψ(w) + · · · ,
T (z)J i(w) =
1
(z −w)2 J
i(w) +
1
(z − w)∂J
i(w) + · · · ,
T (z)Gi(w) =
1
(z −w)2
3
2
Gi(w) +
1
(z − w)∂G
i(w) + · · · ,
T (z)T (w) =
1
(z −w)4
c
2
+
1
(z − w)2 2T (w) +
1
(z − w)∂T (w) + · · · . (A.1) {?}
Note that there are no singular terms in the OPE between the spin-1
2
current Ψ(z) and
the spin-1 current J i(w). One also obtains the OPE Gi(z) Ψ(w) = 1
(z−w)
J i(w) + · · ·. The
nonlinear version of above N = 3 superconformal algebra can be obtained by factoring out
the spin-1
2
current [24, 63] and becomes the result of (8.3).
B The N = 3 primary conditions in the component
approach in section 2
From the N = 3 primary higher spin multiplet in (2.4), we write down them in component
approach as follows [23]:
Ψ(z)ψα∆(w) = + · · · ,
Ψ(z)φi,α
∆+ 1
2
(w) = − 1
(z − w) (T
i)αβψβ∆(w) + · · · ,
Ψ(z)ψi,α∆+1(w) =
1
(z − w)
[
φ
i,α
∆+ 1
2
+ iǫijk(Tj)αβφk,β
∆+ 1
2
]
(w) + · · · ,
Ψ(z)φα
∆+ 3
2
(w) =
1
(z − w)2 ∆ψ
α
∆(w)−
1
(z − w)
[
1
2
∂ψα∆ +
1
2
(Ti)αβψi,β∆+1
]
(w) + · · · ,
J i(z)ψα∆(w) = −
1
(z − w) (T
i)αβψβ∆(w) + · · · ,
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J i(z)φj,α
∆+ 1
2
(w) =
1
(z − w)
[
iǫijkφ
k,α
∆+ 1
2
− (Ti)αβφj,β
∆+ 1
2
]
(w) + · · · ,
J i(z)ψj,α∆+1(w) =
1
(z − w)2
[
2∆δijψα∆ − iǫijk(Tk)αβψβ∆
]
(w)
+
1
(z − w)
[
iǫijkψ
k,α
∆+1 − (Ti)αβψj,β∆+1
]
(w) + · · · ,
J i(z)φα
∆+ 3
2
(w) =
1
(z − w)2
[
(∆ +
1
2
)φi,α
∆+ 1
2
+
i
2
ǫijk(Tj)αβφk,β
∆+ 1
2
]
(w)
− 1
(z − w) (T
i)αβφβ
∆+ 3
2
(w) + · · · ,
Gi(z)ψα∆(w) =
1
(z − w) φ
i,α
∆+ 1
2
(w) + · · · ,
Gi(z)φj,α
∆+ 1
2
(w) =
1
(z − w)2
[
2δij∆ψα∆ − iǫijk(Tk)αβψβ∆
]
(w)
+
1
(z − w)
[
δij∂ψα∆ + iǫ
ijkψ
k,α
∆+1
]
(w) + · · · ,
Gi(z)ψj,α∆+1(w) =
1
(z − w)2
[
2(∆ +
1
2
)iǫijkφk,α
∆+ 1
2
+ (Tj)αβφi,β
∆+ 1
2
− δij(Tk)αβφk,β
∆+ 1
2
]
(w)
+
1
(z − w)
[
2δijφα
∆+ 3
2
+ iǫijk∂φk,α
∆+ 1
2
]
(w) + · · · ,
Gi(z)φα
∆+ 3
2
(w) = − 1
(z − w)3 (T
i)αβψβ∆(w)
+
1
(z − w)2
[
(∆ + 1)ψi,α∆+1 +
i
2
ǫijk(Tj)αβψk,β∆+1
]
(w)
+
1
(z − w)
1
2
∂ψ
i,α
∆+1(w) + · · · ,
T (z)ψα∆(w) =
1
(z − w)2 ∆ψ
α
∆(w) +
1
(z − w) ∂ψ
α
∆(w) + · · · ,
T (z)φi,α
∆+ 1
2
(w) =
1
(z − w)2 (∆ +
1
2
)φi,α
∆+ 1
2
(w) +
1
(z − w)∂φ
i,α
∆+ 1
2
(w) + · · · ,
T (z)ψi,α∆+1(w) = −
1
(z − w)3 (T
i)αβψβ∆(w) +
1
(z − w)2 (∆ + 1)ψ
i,α
∆+1(w) +
1
(z − w) ∂ψ
i,α
∆+1(w) + · · · ,
T (z)φα
∆+ 3
2
(w) = − 1
(z − w)3
1
2
(Ti)αβφi,β
∆+ 1
2
(w) +
1
(z − w)2 (∆ +
3
2
)φα
∆+ 3
2
(w) +
1
(z − w)∂φ
α
∆+ 3
2
(w)
+ · · · . (B.1) {?}
For the SO(3) singlet N = 3 higher spin multiplet, we ignore the SO(3) generator terms
with boldface notation in (B.1). Note that the higher spin currents ψi,α∆+1(w) and φ
α
∆+ 3
2
(w) are
not primary currents under the stress energy tensor T (z) according to the last two equations
in (B.1). We obtain the primary higher spin currents (ψi,α∆+1+
1
2∆
(Ti)αβ∂ψβ∆)(w) and (φ
α
∆+ 3
2
+
1
2(2∆+1)
(Ti)αβ∂φi,β
∆+ 1
2
)(w).
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C The fundamental OPEs between the spin-12 and the
spin-1 currents in section 2
We present the various OPEs between the spin-1
2
currents and the spin-1 currents.
C.1 The OPEs between the spin-1
2
currents
There are five nontrivial OPEs as follows:
Ψα(z)Ψβ(w) =
1
(z − w) δ
αβ + · · · ,
Ψρ(z)Ψσ(w) =
1
(z − w) δ
ρσ + · · · ,
Ψu(1)(z)Ψu(1)(w) =
1
(z − w) + · · · ,
Ψa¯i(z)Ψb¯j(w) =
1
(z − w) δ
ab¯ δi¯j + · · · ,
ψa¯i(z)ψb¯j(w) =
1
(z − w) δ
ab¯ δi¯j + · · · , (C.1) {?}
where the first four OPEs correspond to (3.18) of [18].
C.2 The OPEs between the spin-12 currents and the spin-1 currents
By specifying the structure constants explicitly, we have the following OPEs between the
spin-1
2
currents and the spin-1 currents
Ψα(z)Jβ1 (w) =
1
(z − w) if
αβγΨγ(w) + · · · ,
Ψα(z)J a¯i(w) =
1
(z − w) Ψ
b¯i tαba¯(w) + · · · ,
Ψα(z)J a¯i(w) = − 1
(z − w) t
α
ab¯
Ψb¯i(w) + · · · ,
Ψρ(z)Jσ1 (w) =
1
(z − w) if
ρστΨτ (w) + · · · ,
Ψρ(z)J a¯i(w) = − 1
(z − w) t
ρ
ij¯
Ψaj¯ (w) + · · · ,
Ψρ(z)J a¯i(w) =
1
(z − w) Ψ
a¯j t
ρ
ji¯
(w) + · · · ,
Ψu(1)(z)J a¯i(w) =
1
(z − w)
√
N +M
NM
Ψa¯i(w) + · · · ,
Ψu(1)(z)J a¯i(w) = − 1
(z − w)
√
N +M
NM
Ψa¯i(w) + · · · ,
Ψa¯i(z)Jα2 (w) = −
1
(z − w) Ψ
b¯i tαba¯(w) + · · · ,
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Ψa¯i(z)Jρ2 (w) =
1
(z − w) t
ρ
ij¯
Ψaj¯(w) + · · · ,
Ψa¯i(z)Ju(1)(w) = − 1
(z − w)
√
N +M
NM
Ψa¯i(w) + · · · ,
Ψbj¯(z)J a¯i(w) =
1
(z − w)
(√
N +M
NM
δba¯ δj¯iΨu(1) + δj¯i tα
ab¯
Ψα − δba¯Ψρ tρ
ji¯
)
(w) + · · · ,
Ψa¯i(z)Jα2 (w) =
1
(z − w) t
α
ab¯
Ψb¯i (w) + · · · ,
Ψa¯i(z)Jρ2 (w) = −
1
(z − w) Ψ
a¯j t
ρ
ji¯
(w) + · · · ,
Ψa¯i(z)Ju(1)(w) =
1
(z − w)
√
N +M
NM
Ψa¯i(w) + · · · ,
Ψb¯j(z)J a¯i(w) =
1
(z − w)
(
−
√
N +M
NM
δb¯a δji¯Ψu(1) − δji¯ tαba¯Ψα + δb¯aΨρ tρij¯
)
(w) + · · · ,
ψa¯i(z) jα(w) = − 1
(z − w) ψ
b¯i tαba¯(w) + · · · ,
ψa¯i(z) jρ(w) =
1
(z − w) t
ρ
ij¯
ψaj¯(w) + · · · ,
ψa¯i(z) ju(1)(w) = − 1
(z − w) ψ
a¯i(w) + · · · ,
ψa¯i(z) jα(w) =
1
(z − w) t
α
ab¯
ψb¯i (w) + · · · ,
ψa¯i(z) jρ(w) = − 1
(z − w) ψ
a¯j t
ρ
ji¯
(w) + · · · ,
ψa¯i(z) ju(1)(w) =
1
(z − w) ψ
a¯i(w) + · · · , (C.2) {?}
corresponding to (3.20) of [18]. The spin-1 currents are given by
Jα1 (z) ≡ −
i
2
fαβγΨβΨγ(z),
Jα2 (z) ≡ δ¯ijΨb¯itαba¯Ψa¯j(z),
J
ρ
1 (z) ≡ −
i
2
fρστΨσΨτ (z),
J
ρ
2 (z) = δa¯bΨ
a¯it
ρ
ij¯
Ψbj¯(z),
Ju(1)(z) ≡
√
N +M
NM
δab¯δ¯ijΨ
a¯iΨb¯j(z),
J a¯i(z) ≡
(√
N +M
NM
Ψu(1)Ψa¯i + δa¯atαba¯Ψ
αΨb¯i −Ψρδi¯itρ
ij¯
Ψaj¯
)
(z),
J a¯i(z) ≡
(
−
√
N +M
NM
Ψu(1)Ψa¯i − δa¯atα
ab¯
ΨαΨb¯i +Ψρδi¯itρ
ji¯
Ψa¯j
)
(z),
jα(z) ≡ δ¯ijψb¯itαba¯ψa¯j(z),
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jρ(z) ≡ δa¯bψa¯itρij¯ψbj¯(z),
ju(1)(z) ≡ δab¯δ¯ijψa¯iψb¯j(z). (C.3) {?}
Note that Jˆu(1)(z) ≡
√
NM
(N+M)
Ju(1)(z). Then the currents in the denominator of the coset
(1.1) are given by (Jα + jα)(z) for SU(N) factor, (Jρ + jρ)(z) for SU(M) factor, and (N +
M)(Jˆu(1) + ju(1))(z) for U(1) factor where Jα(z) ≡ (Jα1 + Jα2 )(z) and Jρ(z) ≡ (Jρ1 + Jρ2 )(z).
C.3 The OPEs between the spin-1 currents and itself
Furthermore, one obtains the following OPEs by expanding the structure constants explicitly
as before where the spin-1 currents are given in Appendix (C.3)
Jα1 (z)J
β
1 (w) =
1
(z −w)2 Nδ
αβ +
1
(z − w) if
αβγ J
γ
1 (w) + · · · ,
Jα1 (z)J
a¯i(w) =
1
(z −w) if
αβγ Ψγ Ψb¯i tβba¯(w) + · · · ,
Jα1 (z)J
a¯i(w) = − 1
(z − w) if
αβγ Ψγ Ψb¯i tβ
ab¯
(w) + · · · ,
Jα2 (z)J
β
2 (w) =
1
(z −w)2 Mδ
αβ +
1
(z − w) if
αβγ J
γ
2 (w) + · · · ,
Jα2 (z)J
a¯i(w) =
1
(z −w)
(
tαba¯J
b¯i − ifαβγ Ψγ Ψb¯i tβba¯
)
(w) + · · · ,
Jα2 (z)J
a¯i(w) =
1
(z −w)
(
− J b¯i tα
ab¯
+ ifαβγ Ψγ tβ
ab¯
Ψb¯i
)
(w) + · · · ,
J
ρ
1 (z)J
a¯i(w) = − 1
(z − w) if
ρστ Ψτ tσij¯ Ψ
aj¯(w) + · · · ,
J
ρ
1 (z)J
a¯i(w) =
1
(z −w) if
ρστ Ψτ Ψa¯j tσji¯(w) + · · · ,
J
ρ
1 (z)J
σ
1 (w) =
1
(z −w)2 M δ
ρσ +
1
(z − w) if
ρστJτ1 (w) + · · · ,
J
ρ
2 (z)J
σ
2 (w) =
1
(z −w)2 N δ
ρσ +
1
(z − w) if
ρστJτ2 (w) + · · · ,
J
ρ
2 (z)J
a¯i(w) =
1
(z −w)
(
− Jaj¯ tρ
ij¯
+ ifρστ Ψτ tσij¯ Ψ
aj¯
)
(w) + · · · ,
J
ρ
2 (z)J
a¯i(w) =
1
(z −w)
(
J a¯j t
ρ
ji¯
− ifρστ Ψτ Ψa¯j tσji¯
)
(w) + · · · ,
Ju(1)(z)Ju(1)(w) =
1
(z −w)2 (N +M) + · · · ,
Ju(1)(z)J a¯i(w) =
1
(z −w)
√
N +M
NM
J a¯i(w) + · · · ,
Ju(1)(z)J a¯i(w) = − 1
(z − w)
√
N +M
NM
J a¯i(w) + · · · ,
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J a¯i(z)J b¯j(w) =
1
(z −w)2 (N +M)δ
ab¯ δi¯j
+
1
(z −w)
(
δi¯j tαba¯ (J
α
1 + J
α
2 )− δab¯ tρij¯(J
ρ
1 + J
ρ
2 ) +
√
N +M
NM
δab¯ δi¯j Ju(1)
)
(w)
+ · · · ,
jα(z) jβ(w) =
1
(z −w)2 Mδ
αβ +
1
(z − w) if
αβγ jγ(w) + · · · ,
jρ(z) jσ(w) =
1
(z −w)2 Nδ
ρσ +
1
(z −w) if
ρστ jτ (w) + · · · ,
ju(1)(z) ju(1)(w) =
1
(z −w)2 NM + · · · , (C.4) {?}
corresponding to (3.21) of [18]. We observe that the levels are given by (N +2M), (2N +M)
and 2NM(N +M)2 corresponding to the SU(N), SU(M) and U(1) factors appearing on the
denominator of the coset (1.1) respectively. This can be seen from the second-order pole of
each OPE between the corresponding current we described in previous subsection. The first
level is obtained from the first, the fourth and the seventeenth equations of (C.4). The second
level is given by the ninth, the tenth and the eighteenth equations of (C.4). Finally the third
level can be obtained from the thirteenth and the last equations of (C.4).
D The remaining higher spin currents in section 3
Let us introduce the following (N,M) dependent coefficient functions
A(N,M) ≡
√
3N2M
2(M +N)(2M + 3N)(MN − 1) ,
B(N,M) ≡ A(M,N) =
√
3M2N
2(M +N)(2N + 3M)(MN − 1) ,
a(N,M) ≡ −2M
3N
,
b(N,M) ≡ a(M,N) = − 2N
3M
. (D.1) {?}
We present the remaining 7 higher spin currents in terms of various fermions as follows with
the help of (C.1), (C.2) and (C.4).
D.1 The higher spin-2 currents
By using (3.12) and (3.13), the three higher spin-2 currents, together with (D.1), can be
described as
φ(2),+(z) = −A(N,M)√
N +M
tαba¯(ψ
a¯iΨb¯i)
(
(3a(N,M) − 2)Jα1 + Jα2 + jα
)
(z)
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+
B(N,M)√
N +M
t
ρ
ij¯
(ψa¯iΨaj¯)
(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
(z),
φ(2),−(z) =
A(N,M)√
N +M
tα
ab¯
(ψa¯iΨb¯i)
(
(3a(N,M) − 2)Jα1 + Jα2 + jα
)
(z)
− B(N,M)√
N +M
t
ρ
ji¯
(ψa¯iΨa¯j)
(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
(z),
φ(2),3(z) =
A(N,M)√
2(N +M)
(Jα2 − jα)
(
(3a(N,M) − 2)Jα1 + Jα2 + jα
)
(z)
+
B(N,M)√
2(N +M)
(Jρ2 − jρ)
(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
(z). (D.2) {?}
The first two of (D.2) are not fully normal ordered products in the spirit of [72, 73, 1].
D.2 The higher spin-52 currents
The three higher spin-5
2
currents by using (3.16) are summarized by
ψ(
5
2
),+(z) =
A(N,M)√
2(N +M)
[
2tαba¯(ψ
a¯iJ b¯i)
(
(3a(N,M) − 2)Jα1 + Jα2 + jα
)
+ ifαβγ(ψa¯iΨβΨb¯i)
×
(
(3a(N,M) − 2)Jα1 + (4− 3a(N,M))Jα2 + (3a(N,M) − 2)jα
)
t
γ
ba¯
]
(z)
− B(N,M)√
2(N +M)
[
2tρ
ij¯
(ψa¯iJaj¯)
(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
+ ifρστ (ψa¯iΨσΨaj¯)
×
(
(3b(N,M) − 2)Jρ1 + (4− 3b(N,M))Jρ2 + (3b(N,M) − 2)jρ
)
tτij¯
]
(z),
ψ(
5
2
),−(z) =
A(N,M)√
2(N +M)
[
2tα
ab¯
(ψa¯iJ b¯i)
(
(3a(N,M) − 2)Jα1 + Jα2 + jα
)
+ ifαβγ(ψa¯iΨβΨb¯i)
×
(
(3a(N,M) − 2)Jα1 + (4− 3a(N,M))Jα2 + (3a(N,M) − 2)jα
)
t
γ
ab¯
]
(z)
− B(N,M)√
2(N +M)
[
2tρ
ji¯
(ψa¯iJ a¯j)
(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
+ ifρστ (ψa¯iΨσΨa¯j)
×
(
(3b(N,M) − 2)Jρ1 + (4− 3b(N,M))Jρ2 + (3b(N,M) − 2)jρ
)
tτji¯
]
(z),
ψ(
5
2
),3(z) =
A(N,M)
(N +M)
[
tα
ab¯

J a¯iΨb¯i −
√
N +M
NM
ψa¯iψb¯iΨu(1) − ψa¯iψc¯iΨβtβbc¯ + ψa¯iψb¯jΨρtρji¯


× ((3a(N,M) − 2)Jα1 + Jα2 + jα) + 3i(1 − a(N,M))fαβγtαab¯tβdc¯(ψa¯iΨb¯i)(ψc¯jΨγΨdj¯)
]
(z)
+
B(N,M)
(N +M)

tρ
ji¯

−J a¯iΨa¯j +
√
N +M
NM
ψa¯iψa¯jΨu(1) + ψa¯iψb¯jΨβtβ
ab¯
− ψa¯iψa¯kΨσtσkj¯


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× ((3b(N,M) − 2)Jρ1 + Jρ2 + jρ) + 3i(1 − b(N,M))fρστ tρji¯tσkl¯(ψa¯iΨa¯j)(ψb¯kΨτΨbl¯)
]
(z)
− ∂ψ( 32 )(z), (D.3) {?}
with (D.1). The lowest higher spin-3
2
current appearing in Appendix (D.3) is given by (3.11).
In order to express the above in the form of fully normal ordered products we should further
arrange them carefully.
D.3 The higher spin-3 current
By using (3.17) and (3.18), the higher spin-3 current, together with (D.1), can be written as
φ(3)(z) =
A(N,M)√
8(N +M)3
[
2tα
ab¯
(
J a¯iJ b¯i − ψa¯iψc¯itβbc¯(Jβ1 + Jβ2 ) + ψa¯iψb¯jtρji¯(J
ρ
1 + J
ρ
2 )
−
√
(N +M)
NM
ψa¯iψb¯iJu(1) − (N +M)ψa¯i∂ψb¯i
)
((3a(N,M) − 2)Jα1 + Jα2 + jα)
+ 6i(a(N,M) − 1)fαβγtα
ab¯
t
β
dc¯(ψ
a¯iJ b¯i)(ψc¯jΨγΨdj¯)
+ ifαβγ
(
J a¯iΨβΨb¯i + ψa¯i(ψc¯jΨdj¯)Ψb¯itβdc¯ −
√
(N +M)
NM
ψa¯iψb¯iΨβΨu(1)
− ψa¯iψc¯iΨβΨδtδbc¯ + ψa¯iψb¯jΨβΨρtρji¯
)(
(3a(N,M) − 2)Jα1 + (4− 3a(N,M))Jα2
+ (3a(N,M) − 2)jα
)
t
γ
ab¯
+ 6i(1− a(N,M))fαβγ(ψa¯iΨβΨb¯i)
×
(
ifαδǫψc¯jΨδΨdj¯tǫdc¯ + J
cj¯ψd¯jtα
cd¯
)
t
γ
ab¯
]
(z)
+
B(N,M)√
8(N +M)3
[
2tρ
ji¯
(
− J a¯iJ a¯j + ψa¯iψb¯jtα
ab¯
(Jα1 + J
α
2 )− ψa¯iψa¯ktσkj¯(Jσ1 + Jσ2 )
+
√
N +M
NM
ψa¯iψa¯jJu(1) + (N +M)ψa¯i∂ψa¯j
)(
(3b(N,M) − 2)Jρ1 + Jρ2 + jρ
)
+ 6i(b(N,M) − 1)fρστ tρ
ji¯
tσ
kl¯
(ψa¯iJ a¯j)(ψb¯kΨτΨbl¯)
− ifρστ
(
J a¯iΨσΨa¯j − ψa¯i(ψb¯kΨbl¯)Ψa¯jtσ
kl¯
−
√
N +M
NM
ψa¯iψa¯jΨσΨu(1)
− ψa¯iψb¯jΨσΨγtγ
ab¯
+ ψa¯iψa¯kΨσΨυtυkj¯
)
×
(
(3b(N,M) − 2)Jρ1 + (4− 3b(N,M))Jρ2 + (3b(N,M) − 2)jρ
)
tτji¯
+ 6i(1 − b(N,M))fρστ (ψa¯iΨσΨa¯j)
(
ifρυφψb¯kΨυΨbl¯tφ
kl¯
+ ψb¯kJbl¯tρ
kl¯
)
tτji¯
]
(z)
− 1
2
∂φ(2),3(z), (D.4) {?}
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where one of the higher spin-2 current appearing in Appendix (D.4) is given by Appendix
(D.2). Further rearrangement of the multiple products should be done in order to write this
in terms of fully normal ordered product [72, 73, 1].
E The OPEs in the N = 2 superspace in section 6
In this Appendix, we present the remaining N = 2 OPEs discussed in section 6.
E.1 The OPEs in N = 2 superspace corresponding to Appendix A
In order to describe the N = 2 description for the N = 2 OPEs between the higher spin
currents, we should write down the standard N = 3 superconformal algebra in N = 2
superspace. By writing down each component current with an appropriate combinations
correctly, the following N = 2 stress energy tensor satisfies the standard N = 2 OPE
T(Z) = J3(z)− θ 1
2
(G1 + iG2)(z) + θ¯
1
2
(−G1 + iG2)(z) + θθ¯ T (z)
≡
(
J3, −1
2
(G1 + iG2),
1
2
(−G1 + iG2), T
)
. (E.1) {?}
Then the remaining four currents of N = 3 superconformal algebra can combine as the
following N = 2 multiplet
T
( 1
2
)(Z) = 2Ψ(z) + θ (J1 + iJ2)(z) + θ¯ (−J1 + iJ2)(z) + θθ¯ G3(z)
≡
(
2Ψ, (J1 + iJ2), (−J1 + iJ2), G3
)
. (E.2) {?}
Then we identify the previous component results presented in Appendix (A.1) can be
interpreted as the following three N = 2 OPEs between the N = 2 stress energy tensor (E.1)
and the N = 2 multiplet (E.2)
T(Z1)T(Z2) =
1
z212
c
3
+
θ12θ¯12
z212
T(Z2) +
θ¯12
z12
DT(Z2)− θ12
z12
DT(Z2)
+
θ12θ¯12
z12
∂T(Z2) + · · · ,
T(Z1)T
( 1
2
)(Z2) =
θ12θ¯12
z212
1
2
T
( 1
2
)(Z2) +
θ¯12
z12
DT(
1
2
)(Z2)− θ12
z12
DT(
1
2
)(Z2)
+
θ12θ¯12
z12
∂T(
1
2
)(Z2) + · · · ,
T
( 1
2
)(Z1)T
( 1
2
)(Z2) =
1
z12
4c
3
+
θ12θ¯12
z12
2T(Z2) + · · · . (E.3) {?}
Note that this N = 2 OPEs (E.3) can be obtained from the large N = 4 superconformal
algebra observed in [26, 74]. The complex spinor covariant derivatives are given by D =
∂
∂θ
− 1
2
θ¯ ∂
∂z
and D = ∂
∂θ¯
− 1
2
θ ∂
∂z
[30].
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E.2 The OPEs in N = 2 superspace corresponding to Appendix B
Furthermore, the component results presented in Appendix B can be described in N = 2
superspace as follows:
T(Z1)W
( 3
2
)(Z2) =
θ12θ¯12
z212
3
2
W
( 3
2
)(Z2) +
θ¯12
z12
DW(
3
2
)(Z2)− θ12
z12
DW(
3
2
)(Z2)
+
θ12θ¯12
z12
∂W(
3
2
)(Z2) + · · · ,
T(Z1)W
(2)(Z2) =
θ12θ¯12
z212
2W(2)(Z2) +
θ¯12
z12
DW(2)(Z2)− θ12
z12
DW(2)(Z2)
+
θ12θ¯12
z12
∂W(2)(Z2) + · · · ,
T(Z1)W
(2′)(Z2) =
θ12θ¯12
z212
2W(2
′)(Z2) +
θ¯12
z12
DW(2
′)(Z2)− θ12
z12
DW(2
′)(Z2)
+
θ12θ¯12
z12
∂W(2
′)(Z2) + · · · ,
T(Z1)W
( 5
2
)(Z2) =
θ12θ¯12
z212
5
2
W
( 5
2
)(Z2) +
θ¯12
z12
DW(
5
2
)(Z2)− θ12
z12
DW(
5
2
)(Z2)
+
θ12θ¯12
z12
∂W(
5
2
)(Z2) + · · · ,
T(Z1)W
( 5
2
′
)(Z2) =
θ12θ¯12
z212
5
2
W
( 5
2
′
)(Z2) +
θ¯12
z12
DW(
5
2
′
)(Z2)− θ12
z12
DW(
5
2
′
)(Z2)
+
θ12θ¯12
z12
∂W(
5
2
′
)(Z2) + · · · ,
T(Z1)W
(3)(Z2) =
θ12θ¯12
z212
3W(3)(Z2) +
θ¯12
z12
DW(3)(Z2)− θ12
z12
DW(3)(Z2)
+
θ12θ¯12
z12
∂W(3)(Z2) + · · · ,
T(Z1)W
(3),1(Z2) =
θ12θ¯12
z212
3W(3),1(Z2) +
θ¯12
z12
DW(3),1(Z2)− θ12
z12
DW(3),1(Z2)
+
θ12θ¯12
z12
∂W(3),1(Z2) +
1
z12
iW(3),2(Z2) + · · · ,
T(Z1)W
( 7
2
),1(Z2) =
θ12
z212
1
2
W
(3),3(Z2) +
θ¯12
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5
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∂W(
5
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2
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W
(3),3(Z2) +
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W
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W
( 7
2
),1(Z2) + · · · ,
T
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2
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( 7
2
),1(Z2) =
θ12θ¯12
z212
6W(3),1(Z2)
+
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[
2DW(3),1 +W(
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2
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]
(Z2) +
θ12
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[
−2DW(3),1 +W( 72 ),3
]
(Z2)
+
θ12θ¯12
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∂W(3),1(Z2) +
1
z12
2iW(3),2(Z2) + · · · ,
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T
( 1
2
)(Z1)W
(3),2(Z2) = − θ¯12
z12
iW(3),3(Z2) +
θ12
z12
iW(3),3(Z2) +
θ12θ¯12
z12
W
( 7
2
),2(Z2) + · · · ,
T
( 1
2
)(Z1)W
( 7
2
),2(Z2) =
θ12θ¯12
z212
6W(3),2(Z2)
+
θ¯12
z12
[
2DW(3),2 − iW( 72 ),3
]
(Z2) +
θ12
z12
[
−2DW(3),2 + iW( 72 ),3
]
(Z2)
+
θ12θ¯12
z12
∂W(3),2(Z2)− 1
z12
2iW(3),1(Z2) + · · · ,
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( 1
2
)(Z1)W
(3),3(Z2) =
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[
−W(3),1 + iW(3),2
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(Z2)− θ12
z12
[
W
(3),1 + iW(3),2
]
(Z2)
+
θ12θ¯12
z12
W
( 7
2
),3(Z2) + · · · , (E.4) {?}
T
( 1
2
)(Z1)W
( 7
2
),3(Z2) =
θ12θ¯12
z212
6W(3),3(Z2) +
θ¯12
z12
[
2DW(3),3 −W( 72 ),1 + iW( 72 ),2
]
(Z2)
− θ12
z12
[
2DW(3),3 +W(
7
2
),1 + iW(
7
2
),2
]
(Z2) +
θ12θ¯12
z12
∂W(3),3(Z2) + · · · .
We see that the six higher spin currents,W(3),α(Z2) andW
( 7
2
),α(Z2) are not primary under the
N = 2 stress energy tensor T(Z1). We observe that the combination of (W(3),1± iW(3),2)(Z2)
has U(1) charge ±1 by calculating the OPE with T(Z1)
T(Z1) (W
(3),1 ± iW(3),2)(Z2) = ± 1
z12
(W(3),1 ± iW(3),2)(Z2) + sing. terms. (E.5) {?}
Similarly, we can see
T(Z1) (W
( 7
2
),1 ± iW( 72 ),2)(Z2) = ± 1
z12
(W(
7
2
),1 ± iW( 72 ),2)(Z2) + sing. terms. (E.6) {?}
Therefore, (W(
7
2
),1± iW( 72 ),2)(Z2) have the U(1) charges (of N = 2 superconformal algebra)
±1 respectively.
E.3 The remaining two OPEs in N = 2 superspace
The N = 2 OPE between the N = 2 higher spin-3
2
current and the N = 2 higher spin-2
current can be summarized by
W
( 3
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+
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+ 12(4c2 + 15c + 18)[D,D]TDT(
1
2
) − 108(c + 2)DT( 12 )DT( 12 )DT( 12 )
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+ · · · . (E.7) {?}
Note that the higher spin multiplets W(3),1 and W(3),2 appear together in the above OPE.
According to (E.5), we see that U(1) charge in (E.7) is preserved.
Furthermore, the N = 2 OPE between the N = 2 higher spin-2 current and itself can be
summarized by
W
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5(c − 3)∂[D,D]W
(2′)
)
+
8
5
C
( 5
2
)
( 3
2
)(3)
∂W(3)
+ C
(3)
( 3
2
)( 5
2
)
(
1
2
∂W(3),3 +
1
2
D(W(
7
2
),1 + iW(
7
2
),2)
− 1
2
D(W(
7
2
),1 − iW( 72 ),2)
)]
(Z2) + · · · . (E.8) {?}
Note that the higher spin multipletsW(
7
2
),1(Z2) andW
( 7
2
),2(Z2) appear together in the above
OPE. According to (E.6), we see that U(1) charge in (E.8) is preserved.
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F The OPEs between the lowest eight higher spin cur-
rents in the component approach corresponding to
the section 7
From the N = 2 OPE results in section 6, we obtain its component results.
F.1 The complete 36 OPEs (between the lowest eight higher spin
currents) in the component approach
We present the following complete OPEs by reading off the appropriate OPEs from the N = 2
superspace description. The first four types of OPEs are given by
ψ(
3
2
)(z)ψ(
3
2
)(w) =
1
(z − w)3
2c
3
+
1
(z − w)
[
1
(c+ 1)(2c − 3)
(
− 6cJ iJ i − 6(c+ 3)∂ΨΨ + 4c(c+ 3)T
)
+ C
(2)
( 3
2
)( 3
2
)
ψ(2)
]
(w) + · · · ,
ψ(
3
2
)(z)φ(2),i(w) =
1
(z − w)2
1
(2c− 3)
[
6cGi − 18ΨJ i
]
(w)
+
1
(z − w)
[
1
3
∂(pole two) +
1
(c+ 1)(2c − 3)
(
6ic(ǫijkJ jGk − 2
3
i∂Gi)
− 18(∂ΨJ i − 1
3
∂(ΨJ i))
)
− 1
2
C
(2)
( 3
2
)( 3
2
)
φ(
5
2
),i
]
(w) + · · · ,
ψ(
3
2
)(z)ψ(
5
2
),i(w) =
1
(z − w)3 6J
i(w)− 1
(z − w)2
18
(2c− 3)ΨG
i(w)
+
1
(z − w)
[
1
4
∂(pole two)
+
1
(c+ 1)(c + 6)(2c − 3)
(
18i(5c + 6)(ǫijkΨJ jGk − 2
3
iΨ∂Gi)
− 18ic(c + 2)(ǫijkGjGk − 2
3
i∂2J i) + 36(c2 + 3c+ 6)(TJ i − 1
2
∂2J i)
− 54(c+ 2)J iJ jJ j + 72ic(ǫijk∂J jJk − 1
3
i∂2J i)
+ 6(c2 − 17c − 42)(∂ΨGi − 1
4
∂(ΨGi))− 72c∂ΨΨJ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
3(c+ 3)
5(c− 3)cΨφ
( 5
2
),i +
9(3c − 1)
5(c − 3)c J
iψ(2) +
3(c− 7)
10(c − 3)ψ
(3),i
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
φ(3),i + C
(3)
( 3
2
)( 5
2
)
ψ(3),α=i
]
(w) + · · · ,
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ψ(
3
2
)(z)φ(3)(w) =
1
(z − w)4 3Ψ(w)−
1
(z − w)3 3∂Ψ(w)
+
1
(z − w)2
[
1
(c+ 1)(2c − 3)
(
6(c + 3)(TΨ− 3
4
∂2Ψ) + 36
c(c + 1)
(c+ 6)
J iGi
− 9(13c + 18)
(c+ 6)
ΨJ iJ i
)
+
3
2c
C
(2)
( 3
2
)( 3
2
)
Ψψ(2) + C
( 5
2
)
( 3
2
)(3)
ψ(
5
2
)
]
(w)
+
1
(z − w)
[
1
5
∂(pole two) +
1
(c+ 1)(2c − 3)
(
− 24(c + 3)(∂ΨT − 1
5
∂(ΨT ))
− 12c(∂J iGi − 2
5
∂(J iGi)) + 18(∂ΨJ iJ i − 1
5
∂(ΨJ iJ i))
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 9
2(c− 3)(∂Ψψ
(2) − 1
5
∂(Ψψ(2)))− 3
2(c− 3)J
iφ(
5
2
),i
− (c− 12)
5(c− 3)φ
( 7
2
)
)
− 1
4
C
(3)
( 3
2
)( 5
2
)
φ(
7
2
),i,α=i
]
(w) + · · · . (F.1) {?}
These OPEs appeared in the section 4.
The next three types of OPEs can be written as
φ(2),i(z)φ(2),j(w) =
1
(z − w)4 2δ
ijc+
1
(z − w)3 6iǫ
ijkJk(w)
+
1
(z − w)2
[
8c(2c + 3)
(c+ 1)(2c − 3)δ
ijT − 18
(2c − 3)J
iJ j − 6c
(c+ 1)(2c − 3)δ
ijJkJk
− 12(2c + 3)
(c+ 1)(2c − 3)δ
ij∂ΨΨ+
6ic
(2c− 3)ǫ
ijk∂Jk + δijC
(2)
( 3
2
)( 3
2
)
ψ(2)
]
(w)
+
1
(z − w)
[
4c(2c + 3)
(c+ 1)(2c − 3)δ
ij∂T − 6c
(c+ 1)(2c − 3)δ
ij∂JkJk
− 6(2c + 3)
(c+ 1)(2c − 3)δ
ij∂2ΨΨ
+
1
(c+ 1)(c + 6)(2c − 3)
(
3c(5c + 6)(GiGj −GjGi)− 54i(c + 2)ǫijkJ lJ lJk
− 18(5c + 6)Ψ(J iGj − J jGi) + 18i(5c + 6)ǫijkΨ∂Gk
+ 12i(4c2 + 15c + 18)ǫijkTJk − 18i(5c + 6)ǫijk∂ΨGk
− 72icǫijk∂ΨΨJk − 12(c2 − 9c− 18)J i∂J j
− 6(c2 + 39c+ 54)∂J iJ j + 2i(c3 − 9c2 − 45c − 54)ǫijk∂2Jk
)
+ C
(2)
( 3
2
)( 3
2
)
(
3i(c + 3)
5(c − 3)cǫ
ijkΨφ(
5
2
),k +
9i(3c − 1)
5(c− 3)c ǫ
ijkJkψ(2) +
1
2
δij∂ψ(2)
− i(c+ 3)
5(c− 3)ǫ
ijkψ(3),k
)
+
2
5
iC
( 5
2
)
( 3
2
)(3)
ǫijkφ(3),k + iC
(3)
( 3
2
)( 5
2
)
ǫijkψ(3),α=k
]
(w) + · · · ,
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φ(2),i(z)ψ(
5
2
),j =
1
(z − w)4 6δ
ijΨ(w) +
1
(z − w)3
1
(2c − 3)
[
6i(4c − 3)ǫijkGk − 36iǫijkΨJk
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(2c − 3)
(
72c(c + 1)
(c+ 6)
δijJkGk − 18(c + 1)J iGj
− 18(13c + 18)
(c+ 6)
δijΨJkJk + 24(2c + 3)δijTΨ
− 18(2c + 3)δij∂2Ψ− 6c(J iGj − J jGi)
− 6icǫijkΨ∂Jk − 12i(2c + 3)ǫijk∂ΨJk + 4ic(2c + 3)ǫijk∂Gk
)
+
3
c
C
(2)
( 3
2
)( 3
2
)
δijΨψ(2) + 2C
( 5
2
)
( 3
2
)(3)
δijψ(
5
2
) − i
2
C
(2)
( 3
2
)( 3
2
)
ǫijkφ(
5
2
),k
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 18i(c + 6)J iJ i+1Gi+2
+ 18i(c + 6)J iJ i+2Gi+1 + 12c(c + 6)J i∂Gi + 24c2δij
∑
k
Jk∂Gk
+ 18(c + 6)Ψ∂J iJ i − 18(11c + 18)δij
∑
k
Ψ∂JkJk
− 36(c + 1)(c + 6)∂J iGi + 36c(c + 2)δij
∑
k
∂JkGk − 36(c+ 6)∂ΨJ iJ i
− 72cδij
∑
k
∂ΨJkJk − 4(c+ 6)(2c + 3)δij∂3Ψ+ 12(2c + 3)(c + 6)δij∂TΨ
)
j=i
+
1
(c+ 1)(c + 6)(2c − 3)
(
− 72i(2c + 3)J iJ iGi+2 + 18i(5c + 6)J iJ i+2Gi
− 6(c − 18)(2c + 3)J i∂Gi+1 − 162i(c + 2)J i+1J i+1Gi+2
+ 108i(c + 2)J i+1J i+2Gi+1 + 6(4c2 − 21c− 54)J i+1∂Gi
− 54i(c + 2)J i+2J i+2Gi+2 + 18(5c + 6)ΨGiGi+1
+ 18(5c + 6)ΨJ i∂J i+1 − 72cΨ∂J iJ i+1 + 36i(3c2 + 7c+ 6)TGi+2
− 36i(5c + 6)TΨJ i+2 − 6(c2 + 36c + 36)∂J iGi+1 − 6c(5c + 6)∂J i+1Gi
− 36(c + 6)∂ΨJ iJ i+1 − 54i(3c + 2)∂ΨΨGi+2 − 6i(c− 18)(2c + 3)∂Ψ∂J i+2
+ i(2c3 − 21c2 − 117c − 162)∂2Gi+2 − 3i(c + 6)(2c + 3)∂2ΨJ i+2
)
j=i+1
+
1
(c+ 1)(c + 6)(2c − 3)
(
162i(c + 2)J jJ jGj+2 − 108i(c + 2)J jJ j+2Gj
+ 6(4c2 − 21c − 54)J j∂Gj+1
+ 72i(2c + 3)J j+1J j+1Gj+2 − 18i(5c + 6)J j+1J j+2Gj+1
− 6(c − 18)(2c + 3)J j+1∂Gj + 54i(c + 2)J j+2J j+2Gj+2
− 18(5c + 6)ΨGjGj+1 − 72cΨJ j∂J j+1 + 18(5c + 6)Ψ∂J jJ j+1
− 9i(c + 6)Ψ∂2J j+2 − 36i(3c2 + 7c+ 6)TGj+2 + 36i(5c + 6)TΨJ j+2
− 6c(5c + 6)∂J jGj+1 − 6(c2 + 36c+ 36)∂J j+1Gj − 36(c + 6)∂ΨJ jJ j+1
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+ 54i(3c + 2)∂ΨΨGj+2 + 6i(2c2 − 27c− 18)∂Ψ∂J j+2 + 3i(c + 6)(2c + 3)∂2ΨJ j+2
− i(2c3 − 21c2 − 117c − 162)∂2Gj+2
)
i=j+1
+ C
(2)
( 3
2
)( 3
2
)
(
− 3
(c− 3)δ
ijJkφ(
5
2
),k +
6
(c− 3)J
iφ(
5
2
),j +
(c+ 3)
5(c− 3)δ
ijφ(
7
2
)
− 9(3c − 1)
5(c − 3)c (J
iφ(
5
2
),j − J jφ( 52 ),i)− 3i(c + 3)
5(c − 3)cǫ
ijkΨψ(3),k +
9i(3c − 1)
5(c− 3)c ǫ
ijkGkψ(2)
+
9(c− 2)
5(c− 3)cδ
ijΨ∂ψ(2) − 6(c + 3)
5(c− 3)cδ
ij∂Ψψ(2) − i(c+ 3)
5(c − 3)ǫ
ijk∂ψ(
5
2
),k
)
+ C
(3)
( 3
2
)( 5
2
)
(
− 1
2
δijφ(
7
2
),k,α=k + φ(
7
2
),i,α=j
)
+ C
( 5
2
)
( 3
2
)(3)
(
4
5
δij∂ψ(
5
2
) +
2
5
iǫijkψ(
7
2
),k
)]
(w) + · · · ,
φ(2),i(z)φ(3)(w) =
1
(z − w)4 12J
i(w)− 1
(z − w)3
18
(2c− 3) ΨG
i(w) +
1
(z − w)2
[
+
1
(c+ 1)(c + 6)(2c − 3)
(
− 9ic(5c + 6)ǫijkGjGk − 72(2c + 3)J iJ jJ j
+ 36ic2ǫijkJ j∂Jk + 9i(31c + 42)ǫijkΨJ jGk
− 3(5c2 − 57c − 90)Ψ∂Gi + 12(8c2 + 15c + 18)TJ i
+ 27(c2 − 3c− 6)∂ΨGi − 54(5c + 6)∂ΨΨJ i
− 18(3c2 + 7c+ 6)∂2J i
)
+ C
(2)
( 3
2
)( 3
2
)
(
3(c − 7)
20(c − 3)ψ
(3),i +
3(7c − 9)
5(c − 3)c J
iψ(2) − 3(2c − 9)
5(c − 3)cΨφ
( 5
2
),i
)
+
6
5
C
( 5
2
)
( 3
2
)(3)
φ(3),i +
1
2
C
(3)
( 3
2
)( 5
2
)
ψ(3),α=i
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 6ic(5c + 6)ǫijkGj∂Gk
+ 12ic2ǫijkJ j∂2Jk + 9i(11c + 18)ǫijkΨJ j∂Gk
+ 9i(11c + 18)ǫijkΨ∂J jGk − 6(c2 − 9c− 18)Ψ∂2Gi
− 36(5c + 6)T∂J i + 9i(7c − 6)ǫijk∂ΨJ jGk
− 18(5c + 6)∂ΨΨ∂J i + 18c(c + 6)∂Ψ∂Gi
+ 12(4c2 + 15c+ 18)∂TJ i − 18(5c + 6)∂2ΨGi
− 18(5c + 6)∂2ΨΨJ i + (−17c2 + 12c+ 36)∂3J i
− 108(c + 2)J i∂J jJ j − 36c∂J iJ jJ j
)
+ C
(2)
( 3
2
)( 3
2
)
(
(c+ 3)
20(c − 3)∂ψ
(3),i +
3i
2(c− 3)ǫ
ijkGjφ(
5
2
),k +
3(4c− 3)
5(c− 3)c J
i∂ψ(2)
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− 3i
2(c− 3)ǫ
ijkJ jψ(3),k − 9(c − 2)
10(c − 3)cΨ∂φ
( 5
2
),i
− 3(c+ 3)
5(c− 3)c∂J
iψ(2) +
3(7c+ 6)
10(c − 3)c∂Ψφ
( 5
2
),i
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
∂φ(3),i
+ C
(3)
( 3
2
)( 5
2
)
(
1
4
∂ψ(3),α=i +
i
4
ǫijkψ(4),j,α=k
)]
(w) + · · · . (F.2) {?}
Note that (1
3
1
4
∂ψ(3),α=i+ i
4
ǫijkψ(4),j,α=k)(w) is a primary current under the stress energy tensor.
In the second OPE, we use the notation for the index as follows: i + 2 becomes 1 for i = 2,
and 2 for i = 3.
The remaining three types of OPEs are
ψ(
5
2
),i(z)ψ(
5
2
),j(w) =
1
(z − w)5 8δ
ijc+
1
(z − w)4 24iǫ
ijkJk(w)
+
1
(z − w)3
[
1
(c+ 1)(2c − 3)
(
4(20c2 + 15c − 9)δijT − 12(4c + 3)δijJkJk
− 12(7c + 9)δij∂ΨΨ+ 36(c + 1)J iJ j + 6i(4c − 9)(c + 1)ǫijk∂Jk
)
+ 2C
(2)
( 3
2
)( 3
2
)
δijψ(2)
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
2c(20c2 + 57c + 54)δij∂T
− 12(4c + 3)(c + 6)δij∂JkJk
− 6(7c + 9)(c+ 6)δij∂2ΨΨ+ 6(26c2 + 9c− 18)GiGj
− 144i(2c + 3)ǫijkJ lJ lJk − 12(4c2 − 63c − 90)J i∂J j
− 18(31c + 42)Ψ(J iGj − J jGi)− 6i(4c2 − 63c− 90)ǫijkΨ∂Gk
+ 12i(20c2 + 57c + 54)ǫijkTJk + 12(7c2 − 42c − 72)∂J iJ j
+ 18i(4c2 − c− 6)ǫijk∂ΨGk − 108i(5c + 6)ǫijk∂ΨΨJk
+ 2i(4c3 − 63c2 − 234c − 216)ǫijk∂2Jk
)
+ C
(2)
( 3
2
)( 3
2
)
(
δij∂ψ(2) − i(c+ 3)
5(c− 3)ǫ
ijkψ(3),k − 6i(2c − 9)
5(c− 3)c ǫ
ijkΨφ(
5
2
),k
+
6i(7c − 9)
5(c− 3)c ǫ
ijkJkψ(2)
)
+
12
5
iC
( 5
2
)
( 3
2
)(3)
ǫijkφ(3),k + iǫijkC
(3)
( 3
2
)( 5
2
)
ψ(3),α=k
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
− 324i(c + 2)δijJ iGi+1Gi+2
− 36i(c + 6)J iJ i+1∂J i+2 + 36i(c + 6)J i∂J i+1J i+2 + 144i(2c + 3)J i+1GiGi+2
+ 18(5c + 6)δij
∑
k
ΨJk∂Gk − 54(3c + 2)δij
∑
k
Ψ∂JkGk − 144i(2c + 3)J i+2GiGi+1
− 18(c + 6)ΨJ i∂Gi − 18(c+ 6)Ψ∂J iGi
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+ 72(3c2 + 7c+ 6)δijTT − 36(c + 6)TJ iJ i
− 144(2c + 3)δij
∑
k
TJkJk − 72(7c + 6)δijT∂ΨΨ
− 6(8c + 9)(c+ 6)∂GiGi + 18(3c2 − 10c − 24)δij
∑
k
∂GkGk
− 18c(c + 6)∂J i∂J i − 18(c2 − 7c− 6)δij
∑
k
∂Jk∂Jk
+ 90(c + 6)∂ΨJ iGi + 54(c− 2)δij
∑
k
∂ΨJkGk
+ 6(5c + 3)(c+ 6)∂2J iJ i − 6(c+ 6)(2c − 3)δij
∑
k
∂2JkJk − 18c(c + 6)δij∂2Ψ∂Ψ
− 6(2c2 − 13c − 6)δij∂3ΨΨ+ 6(2c + 3)(c2 − 3c+ 18)δij∂2T
)
j=i
+
1
(c+ 1)(c+ 6)(2c − 3)
(
6(17c2 + 33c + 18)Gi∂Gi+1
+ 18i(c + 6)J iGiGi+2 − 18i(c + 6)J i+1Gi+1Gi+2
+ 6i(20c2 + 57c+ 54)∂TJ i+2 − 36(c + 6)TJ iJ i+1
+ 24i(5c2 + 15c+ 18)T∂J i+2 + 18(3c2 − 8c− 12)∂GiGi+1
− 18i(7c + 6)J iJ i∂J i+2 − 9(2c2 − 47c− 66)J i∂2J i+1
− 18i(17c + 30)∂J iJ iJ i+2 − 162i(c + 2)J i+1J i+1∂J i+2
− 18c(c + 6)∂J i∂J i+1 − 54i(5c + 6)∂J i+1J i+1J i+2
− 216i(2c + 3)∂J i+2J i+2J i+2
+ 3(16c2 − 69c− 126)∂2J iJ i+1 + i(2c3 − 77c2 − 249c − 234)∂3J i+2
− 144(2c + 3)ΨJ i∂Gi+1 + 54(5c + 6)ΨJ i+1∂Gi
− 144(2c + 3)Ψ∂J iGi+1 + 54(5c + 6)Ψ∂J i+1Gi
− 3i(4c2 − 63c − 90)Ψ∂2Gi+2 − 18(13c + 6)∂ΨJ iGi+1
+ 324(c + 2)∂ΨJ i+1Gi − 54i(5c + 6)∂ΨΨ∂J i+2
+ 12i(2c + 3)(c + 6)∂Ψ∂Gi+2 + 9i(4c2 − c− 6)∂2ΨGi+2
− 54i(5c + 6)∂2ΨΨJ i+2
)
j=i+1
+ C
(2)
( 3
2
)( 3
2
)
(
− 9(3c − 1)
5(c − 3)c δ
ijGkφ(
5
2
),k
− 3(c+ 3)
5(c− 3)cδ
ijJkψ(3),k +
6(c+ 3)
5(c − 3)cδ
ijΨφ(
7
2
) +
18(3c − 1)
5(c − 3)c δ
ijTψ(2)
+
3(c− 7)
10(c − 3)δ
ij∂2ψ(2) +
3
(c− 3)G
iφ(
5
2
),j +
3
(c− 3)G
jφ(
5
2
),i
+
3
(c− 3)J
iψ(3),j +
3
(c− 3)J
jψ(3),i +
3i(7c − 9)
5(c− 3)c ǫ
ijk∂(Jkψ(2))
− 3i(2c − 9)
5(c− 3)c ǫ
ijk∂(Ψφ(
5
2
),k)− i(c+ 3)
10(c − 3)ǫ
ijk∂ψ(3),k
)
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+ C
( 5
2
)
( 3
2
)(3)
(
6
5
iǫijk∂φ(3),k +
4
5
δijφ(4)
)
+ C
(3)
( 3
2
)( 5
2
)
(
1
2
iǫijk∂ψ(3),α=k +
1
2
ψ(4),i,α=j +
1
2
ψ(4),j,α=i
)]
(w) + · · · ,
ψ(
5
2
),i(z)φ(3)(w) =
1
(z − w)4
1
(2c− 3)
[
3(20c − 21)Gi − 54ΨJ i
]
(w)
+
1
(z − w)3
[
1
(c+ 1)(2c − 3)
(
6i(4c + 3)ǫijkJ jGk − 6cΨ∂J i
− 6(7c + 9)∂ΨJ i + (20c2 + 15c − 9)∂Gi
)
− 1
2
C
(2)
( 3
2
)( 3
2
)
φ(
5
2
),i
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
9(37c + 54)J iJ jGj − 252(2c + 3)J jJ jGi
+ 6i(11c2 − 84c− 144)ǫijkJ j∂Gk − 54i(3c + 4)ǫijkΨGjGk
− 63
2
i(5c+ 6)ǫijkΨJ j∂Jk +
63
2
i(5c+ 6)ǫijkΨ∂J jJk
+
3
2
(8c + 15)(c + 6)Ψ∂2J i + 6(55c2 + 87c+ 54)TGi
− 216(3c + 4)TΨJ i − 3i(25c2 − 138c − 216)ǫijk∂J jGk
− 126(5c + 6)∂ΨΨGi − 6(14c2 − 57c − 90)∂Ψ∂J i
+ 3(7c + 12)(c + 6)∂2ΨJ i +
1
2
(10c3 − 147c2 − 603c − 702)∂2Gi
)
+ C
(2)
( 3
2
)( 3
2
)
(
3(23c − 21)
10(c − 3)c G
iψ(2) +
3i(13c − 21)
10(c− 3)c ǫ
ijkJ jφ(
5
2
),k
+
9(c − 7)
10(c − 3)cΨψ
(3),i − (c+ 3)
5(c− 3)∂φ
( 5
2
),i
)
+
7
5
C
( 5
2
)
( 3
2
)(3)
ψ(
7
2
),i − 1
2
iC
(3)
( 3
2
)( 5
2
)
ǫijkφ(
7
2
),j,α=k
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
9(17c + 30)J iJ j∂Gj − 108(2c + 3)J jJ j∂Gi
+ 9(17c + 30)∂J iJ jGj − 216(2c + 3)∂J jJ jGi
+ 9(13c + 6)J i∂J jGj + 3i(2c + 3)(5c − 42)ǫijkJ j∂2Gk
− 36i(2c + 3)ǫijkΨ∂(GjGk)− 144(2c + 3)TΨ∂J i
− 216cT∂ΨJ i + 6(19c2 + 3c− 18)T∂Gi
− 3i(7c + 6)(c + 6)ǫijk∂J j∂Gk − 54icǫijk∂ΨGjGk
− 27i(5c + 6)ǫijk∂ΨJ j∂Jk − 54(5c + 6)∂ΨΨ∂Gi
+ 54(3c2 + 7c+ 6)∂TGi − 144(2c + 3)∂TΨJ i
− 9i(3c2 − 23c − 30)ǫijk∂2J jGk − 54(5c + 6)∂2ΨΨGi
+
1
2
(2c3 − 67c2 − 183c − 198)∂3Gi − 27i(5c + 6)ǫijkΨJ j∂2Jk
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+
3
2
(4c2 + 3c+ 18)Ψ∂3J i − 9(4c2 − 7c− 6)∂Ψ∂2J i
− 9(c2 − 39c− 54)∂2Ψ∂J i + 3(3c − 2)(c + 6)∂3ΨJ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
9(4c − 3)
10(c − 3)cG
i∂ψ(2) − 3i
2(c− 3)ǫ
ijkGjψ(3),k
− 3
(c− 3)J
iφ(
7
2
) +
3(2c − 9)
10(c − 3)cΨ∂ψ
(3),i − 3
(c− 3)Tφ
( 5
2
),i
+
3i(2c − 9)
10(c − 3)cǫ
ijk∂J jφ(
5
2
),k +
3(7c − 9)
10(c − 3)c∂G
iψ(2)
− 9(c + 3)
10(c − 3)c∂Ψψ
(3),i − (c+ 3)
20(c − 3)∂
2φ(
5
2
),i +
3i(7c − 9)
10(c − 3)c ǫ
ijkJ j∂φ(
5
2
),k
)
+
3
5
C
( 5
2
)
( 3
2
)(3)
∂ψ(
7
2
),i + C
(3)
( 3
2
)( 5
2
)
(
− 1
4
iǫijk∂φ(
7
2
),j,α=k − 1
2
φ(
9
2
),α=i
)]
(w) + · · · ,
φ(3)(z)φ(3)(w) =
1
(z − w)6 10c +
1
(z − w)4
[
1
(c+ 1)(2c − 3)
(
6(20c2 + 7c− 15)T
− 9(4c + 3)J iJ i − 18(5c + 6)∂ΨΨ
)
+
3
2
C
(2)
( 3
2
)( 3
2
)
ψ(2)
]
(w)
+
1
(z − w)3
[
1
2
∂(pole four)
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 144i(2c + 3)ǫijkJ iGjGk
− 216(5c + 6)T∂ΨΨ+ 36(5c + 6)ΨJ i∂Gi − 72(5c + 6)Ψ∂J iGi
+ 12(7c2 − 42c− 72)∂GiGi − 9
2
(12c2 − 35c − 66)∂J i∂J i
+ 36(5c + 6)∂ΨJ iGi +
9
2
(4c + 11)(c + 6)∂2J iJ i + 24(16c2 + 27c + 18)TT
− 27
2
(5c+ 6)(c + 6)∂2Ψ∂Ψ− 3
2
(c− 42)(5c + 6)∂3ΨΨ
+
9
2
(4c3 − 17c2 + 63c+ 126)∂2T − 288(2c + 3)TJ iJ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 3(11c − 12)
10(c − 3)c G
iφ(
5
2
),i +
9(c − 2)
5(c− 3)cJ
iψ(3),i +
9(c− 7)
40(c − 3)∂
2ψ(2)
− 3(c− 12)
5(c− 3)cΨφ
( 7
2
) +
12(4c − 3)
5(c− 3)c Tψ
(2)
)
+
8
5
C
( 5
2
)
( 3
2
)(3)
φ(4) +
1
4
C
(3)
( 3
2
)( 5
2
)
ψ(4),i,α=i
]
(w)
+
1
(z − w)
[
− 1
24
∂3(pole four) +
1
2
∂(pole two)
]
(w) + · · · . (F.3) {?}
In the first OPE, we use the same convention for the index as before. One sees that
(−1
7
1
4
iǫijk∂φ(
7
2
),j,α=k − 1
2
φ(
9
2
),α=i)(w) is a primary current under the stress energy tensor. We
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can also describe the above OPEs in the manifest way of U(1) charge. Any three higher spin
currents having SO(3) index i can be decomposed into the one with U(1) charge +1, the one
with U(1) charge −1, and the one with vanishing U(1) charge. In the large c limit, all the
nonlinear terms on the right hand side in (F.3) disappear.
F.2 The 8 OPEs between the eight higher spin currents and the
lowest higher spin-32 current
As emphasized in section 7, it is very useful to write down the following eight OPEs (including
the first OPE of (F.1)), by taking the OPEs between the eight higher spin currents located
at z coordinate and the lowest higher spin current located at w coordinate,
φ(2),i(z)ψ(
3
2
)(w) =
1
(z − w)2
1
(2c− 3)
[
6cGi − 18ΨJ i
]
(w)
+
1
(z − w)
[
2
3
∂(pole two)− 1
(c+ 1)(2c − 3)
(
6ic(ǫijkJ jGk − 2
3
i∂Gi)
− 18(∂ΨJ i − 1
3
∂(ΨJ i))
)
+
1
2
C
(2)
( 3
2
)( 3
2
)
φ(
5
2
),i
]
(w) + · · · ,
ψ(
5
2
),i(z)ψ(
3
2
)(w) =
1
(z − w)3 6J
i(w) +
1
(z − w)2
[
18
(2c − 3)ΨG
i + 6∂J i
]
(w)
+
1
(z − w)
[
3
4
∂(pole two)
+
1
(c+ 1)(c + 6)(2c − 3)
(
18i(5c + 6)(ǫijkΨJ jGk − 2
3
iΨ∂Gi)
− 18ic(c + 2)(ǫijkGjGk − 2
3
i∂2J i) + 36(c2 + 3c+ 6)(TJ i − 1
2
∂2J i)
− 54(c+ 2)J iJ jJ j + 72ic(ǫijk∂J jJk − 1
3
i∂2J i)
+ 6(c2 − 17c − 42)(∂ΨGi − 1
4
∂(ΨGi))− 72c∂ΨΨJ i
)
− 3
2
∂2J i
+ C
(2)
( 3
2
)( 3
2
)
(
3(c+ 3)
5(c− 3)cΨφ
( 5
2
),i +
9(3c − 1)
5(c − 3)c J
iψ(2) +
3(c− 7)
10(c − 3)ψ
(3),i
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
φ(3),i + C
(3)
( 3
2
)( 5
2
)
ψ(3),α=i
]
(w) + · · · ,
φ(3)(z)ψ(
3
2
)(w) =
1
(z − w)4 3Ψ(w) +
1
(z − w)3 6∂Ψ(w)
+
1
(z − w)2
[
1
(c+ 1)(2c − 3)
(
6(c + 3)(TΨ− 3
4
∂2Ψ) + 36
c(c + 1)
(c+ 6)
J iGi
− 9(13c + 18)
(c+ 6)
ΨJ iJ i
)
+
9
2
∂2Ψ+
3
2c
C
(2)
( 3
2
)( 3
2
)
Ψψ(2) + C
( 5
2
)
( 3
2
)(3)
ψ(
5
2
)
]
(w)
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+
1
(z − w)
[
4
5
∂(pole two) +
1
(c+ 1)(2c − 3)
(
24(c + 3)(∂ΨT − 1
5
∂(ΨT ))
+ 12c(∂J iGi − 2
5
∂(J iGi))− 18(∂ΨJ iJ i − 1
5
∂(ΨJ iJ i))
)
− 8
5
∂3Ψ
+ C
(2)
( 3
2
)( 3
2
)
(
9
2(c− 3)(∂Ψψ
(2) − 1
5
∂(Ψψ(2))) +
3
2(c− 3)J
iφ(
5
2
),i
+
(c− 12)
5(c− 3)φ
( 7
2
)
)
+
1
4
C
(3)
( 3
2
)( 5
2
)
φ(
7
2
),i,α=i
]
(w) + · · · . (F.4) {?}
That is, the OPE (F.1) and the above three OPEs (F.4) will appear in the N = 3 version
(7.2) in appropriate supersymmetric way as in [59].
G The OPEs between the lowest eight higher spin cur-
rents in the component approach corresponding to
the section 8
Because the higher spin currents after decoupling the spin-1
2
current of N = 3 superconformal
algebra are determined via (8.4), we can calculate the OPEs between them.
G.1 The complete 36 OPEs (between the lowest eight higher spin
currents) in the component approach
Based on the results of Appendix F , the OPEs between the composite fields appearing on the
right hand sides of (8.4) are known, we calculate the OPEs between the higher spin currents
after factoring out the spin-1
2
current and they are described as follows. The first four types
of OPEs (totally eight OPEs) can be summarized as
ψˆ(
3
2
)(z) ψˆ(
3
2
)(w) =
1
(z − w)3
2c
3
+
1
(z − w)
[
1
(c+ 1)(2c − 3)
(
− 6cJˆ iJˆ i + 4c(c + 3)Tˆ
)
+C
(2)
( 3
2
)( 3
2
)
ψˆ(2)
]
(w) + · · · ,
ψˆ(
3
2
)(z) φˆ(2),i(w) =
1
(z − w)2
6c
(2c − 3)Gˆ
i(w)
+
1
(z − w)
[
1
(c+ 1)(2c − 3)
(
2c(c+ 3)∂Gˆi + 6icǫijkJˆ jGˆk
)
− 1
2
C
(2)
( 3
2
)( 3
2
)
φˆ(
5
2
),i
]
(w)
+ · · · ,
ψˆ(
3
2
)(z) ψˆ(
5
2
),i(w) =
1
(z − w)3 6Jˆ
i(w)
+
1
(z − w)
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 18ic(c + 2)ǫijkGˆjGˆk + 36(c2 + 3c+ 6)Tˆ Jˆ i
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− 6(5c2 + 9c+ 18)∂2Jˆ i − 54(c + 2)Jˆ iJˆ jJˆ j + 18i(c − 6)ǫijk∂Jˆ j Jˆk
)
+ C
(2)
( 3
2
)( 3
2
)
(
9(3c− 1)
5(c− 3)c Jˆ
iψˆ(2) +
3(c− 7)
10(c − 3) ψˆ
(3),i
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
φˆ(3),i
+ C
(3)
( 3
2
)( 5
2
)
ψˆ(3),α=i
]
(w) + · · · ,
ψˆ(
3
2
)(z) φˆ(3)(w) =
1
(z − w)2
[
36c
(c+ 1)(2c − 3) Jˆ
iGˆi + C
( 5
2
)
( 3
2
)(3)
ψˆ(
5
2
)
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 36c∂Jˆ iGˆi + 12c(c + 3)Jˆ i∂Gˆi
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 3
2(c− 3) Jˆ
iφˆ(
5
2
),i − (c− 12)
5(c − 3) φˆ
( 7
2
)
)
+
1
5
C
( 5
2
)
( 3
2
)(3)
∂ψˆ(
5
2
)
− 1
4
C
(3)
( 3
2
)( 5
2
)
φˆ(
7
2
),i,α=i
]
(w) + · · · . (G.1) {?}
In particular, the Ψ(w) dependent-terms with C
(2)
( 3
2
)( 3
2
)
structure constant appearing in Ap-
pendix F do not appear in the third and fourth equations of (G.1).
The next three types of OPEs can be described as
φˆ(2),i(z) φˆ(2),j(w) =
1
(z −w)4 2c δ
ij +
1
(z − w)3 6iǫ
ijkJˆk(w)
+
1
(z −w)2
[
8c(2c + 3)
(c+ 1)(2c − 3)δ
ij Tˆ − 18
(2c− 3) Jˆ
iJˆ j − 6c
(c+ 1)(2c − 3)δ
ij JˆkJˆk
+
6ic
(2c− 3)ǫ
ijk∂Jˆk + δijC
(2)
( 3
2
)( 3
2
)
ψˆ(2)
]
(w)
+
1
(z −w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
6c(5c + 6)GˆiGˆj − 54i(c + 2)ǫijkJˆ lJˆ lJˆk
+ 2c(4c2 + 15c + 18)δij∂Tˆ − 6c(c + 6)δij∂JˆkJˆk
+ 12i(4c2 + 15c+ 18)ǫijkTˆ Jˆk − 12(c2 − 9c− 18)Jˆ i∂Jˆ j
− 6(c2 + 24c + 36)∂Jˆ iJˆ j + 2i(c3 − 9c2 − 45c− 54)ǫijk∂2Jˆk
)
+ C
(2)
( 3
2
)( 3
2
)
(
9i(3c − 1)
5(c− 3)c ǫ
ijkJˆkψˆ(2) +
1
2
δij∂ψˆ(2) − i(c+ 3)
5(c− 3)ǫ
ijkψˆ(3),k
)
+
2
5
iC
( 5
2
)
( 3
2
)(3)
ǫijkφˆ(3),k + iC
(3)
( 3
2
)( 5
2
)
ǫijkψˆ(3),α=k
]
(w) + · · · ,
φˆ(2),i(z) ψˆ(
5
2
),j =
1
(z −w)3
1
(2c− 3)
[
6i(4c − 3)ǫijkGˆk
]
(w)
+
1
(z −w)2
[
1
(c+ 1)(2c − 3)
(
72c(c + 1)
(c+ 6)
δij JˆkGˆk − 18(c + 1)Jˆ iGˆj
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− 6c(Jˆ iGˆj − Jˆ jGˆi) + 4ic(2c + 3)ǫijk∂Gˆk
)
+ 2C
( 5
2
)
( 3
2
)(3)
δijψˆ(
5
2
) − i
2
C
(2)
( 3
2
)( 3
2
)
ǫijkφˆ(
5
2
),k
]
(w)
+
1
(z −w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
− 18i(c + 6)Jˆ i(Jˆ i+1Gˆi+2 − Jˆ i+2Gˆi+1)
+ 24c2δij
∑
k
Jˆk∂Gˆk + 36c(c + 2)δij
∑
k
∂JˆkGˆk + 12c(c + 6)Jˆ i∂Gˆi
− 36(c + 1)(c + 6)∂Jˆ iGˆi
)
j=i
+
1
(c+ 1)(c+ 6)(2c − 3)
(
− 162i(c + 2)Jˆ i+1Jˆ i+1Gˆi+2
+ 108i(c + 2)Jˆ i+1Jˆ i+2Gˆi+1 + 36i(3c2 + 7c+ 6)Tˆ Gˆi+2
− 6(c2 + 36c + 36)∂Jˆ iGˆi+1 − 6(c− 18)(2c + 3)Jˆ i∂Gˆi+1
− 6c(5c + 6)∂Jˆ i+1Gˆi + 6(4c2 − 21c − 54)Jˆ i+1∂Gˆi
− 72i(2c + 3)Jˆ iJˆ iGˆi+2 + 18i(5c + 6)Jˆ iJˆ i+2Gˆi − 54i(c + 2)Jˆ i+2Jˆ i+2Gˆi+2
+ i(2c3 − 21c2 − 117c− 162)∂2Gˆi+2
)
j=i+1
+
1
(c+ 1)(c+ 6)(2c − 3)
(
162i(c + 2)Jˆ j Jˆ jGˆj+2 − 108i(c + 2)Jˆ j Jˆ j+2Gˆj
+ 6(4c2 − 21c− 54)Jˆ j∂Gˆj+1 + 72i(2c + 3)Jˆ j+1Jˆ j+1Gˆj+2
− 18i(5c + 6)Jˆ j+1Jˆ j+2Gˆj+1 − 6(c− 18)(2c + 3)Jˆ j+1∂Gˆj
+ 54i(c + 2)Jˆ j+2Jˆ j+2Gˆj+2 − 36i(3c2 + 7c+ 6)Tˆ Gˆj+2
− 6c(5c + 6)∂Jˆ jGˆj+1 − 6(c2 + 36c+ 36)∂Jˆ j+1Gˆj
− i(2c3 − 21c2 − 117c− 162)∂2Gˆj+2
)
j=i−1
+ C
(2)
( 3
2
)( 3
2
)
(
− 3
(c− 3)δ
ij Jˆkφˆ(
5
2
),k +
6
(c− 3) Jˆ
iφˆ(
5
2
),j +
(c+ 3)
5(c − 3)δ
ij φˆ(
7
2
)
− 9(3c − 1)
5(c− 3)c (Jˆ
iφˆ(
5
2
),j − Jˆ jφˆ( 52 ),i) + 9i(3c − 1)
5(c− 3)c ǫ
ijkGˆkψˆ(2) − i(c+ 3)
5(c− 3)ǫ
ijk∂φˆ(
5
2
),k
)
+ C
(3)
( 3
2
)( 5
2
)
(
− 1
2
δij φˆ(
7
2
),k,α=k + φˆ(
7
2
),i,α=j
)
+ C
( 5
2
)
( 3
2
)(3)
(
4
5
δij∂ψˆ(
5
2
) +
2
5
iǫijkψˆ(
7
2
),k
)]
(w) + · · · ,
φˆ(2),i(z) φˆ(3)(w) =
1
(z −w)4 12Jˆ
i(w) +
1
(z − w)2
[
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+
1
(c+ 1)(c+ 6)(2c − 3)
(
− 9ic(5c + 6)ǫijkGˆjGˆk − 72(2c + 3)Jˆ iJˆ jJˆ j
+ 9i(4c2 + 15c + 18)ǫijkJˆ j∂Jˆk + 12(8c2 + 15c + 18)Tˆ Jˆ i − 9(6c2 − c− 6)∂2Jˆ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
3(c− 7)
20(c − 3) ψˆ
(3),i +
3(7c − 9)
5(c− 3)c Jˆ
iψˆ(2)
)
+
6
5
C
( 5
2
)
( 3
2
)(3)
φˆ(3),i +
1
2
C
(3)
( 3
2
)( 5
2
)
ψˆ(3),α=i
]
(w)
+
1
(z −w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
− 3ic(5c + 6)ǫijk∂(GˆjGˆk)
+ 3i(4c2 + 15c + 18)ǫijk∂(Jˆ j∂Jˆk)− 108(c + 2)Jˆ i∂Jˆ j Jˆ j − 36c∂Jˆ iJˆ jJˆ j
− 36(5c + 6)Tˆ ∂Jˆ i + 12(4c2 + 15c+ 18)∂Tˆ Jˆ i − (2c− 15)(5c + 6)∂3Jˆ i
)
+ C
(2)
( 3
2
)( 3
2
)
(
(c+ 3)
20(c − 3)∂ψˆ
(3),i +
3i
2(c − 3)ǫ
ijkGˆj φˆ(
5
2
),k +
3(4c − 3)
5(c − 3)c Jˆ
i∂ψˆ(2)
− 3i
2(c− 3)ǫ
ijkJˆ jψˆ(3),k − 3(c+ 3)
5(c − 3)c∂Jˆ
iψˆ(2)
)
+
2
5
C
( 5
2
)
( 3
2
)(3)
∂φˆ(3),i
+ C
(3)
( 3
2
)( 5
2
)
(
1
4
∂ψˆ(3),α=i +
i
4
ǫijkψˆ(4),j,α=k
)]
(w) + · · · . (G.2) {?}
In this case, the Ψ(w) dependent terms appearing in Appendix F are disappeared in the
corresponding OPEs in (G.2). The presentation in the first-order pole of the OPE between
the higher spin-2 currents and the higher spin-5
2
currents is rather complicated. For the indices
(i, j) = (1, 1), (2, 2) and (3, 3) of these OPEs, we can cover them from the first piece with
j = i condition of the first-order pole. In other words, the (i, j) = (2, 2) case can be obtained
from the expression of (i, j) = (1, 1) by replacing 1 → 2, 2 → 3, and 3 → 1 simply. The
(i, j) = (3, 3) case can be obtained similarly from the result of (i, j) = (1, 1) by changing with
1→ 3, 2→ 1, and 3→ 2.
Furthermore, for the indices (i, j) = (1, 2), (2, 3) and (3, 1) of these OPEs can be analyzed
with the second piece with j = i+ 1 condition of the first-order pole. The (i, j) = (2, 3) case
can be obtained from the expression of (i, j) = (1, 2) by the above first replacement while the
(i, j) = (3, 1) case can be obtained from the expression of (i, j) = (1, 2) by the above second
replacement.
For the remaining three cases where the indices are given by (i, j) = (2, 1), (3, 2) and
(1, 3), we have the first case (i, j) = (2, 1) from the third piece with j = i− 1 condition of the
first-order pole. The case (i, j) = (3, 2) can be obtained from this by replacing the indices
according to the above first replacement. The final case (i, j) = (1, 3) can be obtained from
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the case (i, j) = (2, 1) by the above second replacement.
Now the remaining three types of OPEs can be written as
ψˆ(
5
2
),i(z) ψˆ(
5
2
),j(w) =
1
(z − w)5 2(4c − 3)δ
ij +
1
(z − w)4
6i(4c − 3)
c
ǫijkJˆk(w)
+
1
(z − w)3
[
1
(c+ 1)(2c − 3)
(
4(20c2 + 3c− 27)δij Tˆ − 6(8c + 3)δij JˆkJˆk
+
18
c
(c+ 1)(2c + 3)Jˆ iJˆ j + 24i(c − 3)(c+ 1)ǫijk∂Jˆk
)
+
(2c− 3)
c
C
(2)
( 3
2
)( 3
2
)
δijψˆ(2)
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
2(20c2 + 3c− 27)(c + 6)δij∂Tˆ
− 6(8c + 3)(c+ 6)δij∂JˆkJˆk
+
18
c
(c+ 1)(c+ 6)(2c + 3)∂Jˆ iJˆ j + 6(13c2 − 3c− 18)(GˆiGˆj − GˆjGˆi)
− 3
c
i(8c3 + 3c2 − 45c− 54)ǫijkJˆ lJˆ lJˆk + 3
c
i(8c3 − 93c2 − 135c + 54)ǫijkJˆkJˆ lJˆ l
+
12
c
i(20c3 + 45c2 + 9c− 54)ǫijkTˆ Jˆk
+
i
c
(8c4 − 132c3 − 297c2 − 189c + 162)ǫijk∂2Jˆk
)
+ C
(2)
( 3
2
)( 3
2
)
(
(2c − 3)
2c
δij∂ψˆ(2) − i(c+ 3)
5c
ǫijkψˆ(3),k +
3i(14c − 3)
5c2
ǫijkJˆkψˆ(2)
)
+
6i(2c − 1)
5c
C
( 5
2
)
( 3
2
)(3)
ǫijkφˆ(3),k +
i(c− 3)
c
ǫijkC
(3)
( 3
2
)( 5
2
)
ψˆ(3),α=k
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
− 324i(c + 2)Jˆ iGˆi+1Gˆi+2
− 36i(c + 6)Jˆ iJˆ i+1∂Jˆ i+2 + 36
c
i(c2 − 21c− 54)Jˆ i∂Jˆ i+1Jˆ i+2
+ 144i(2c + 3)Jˆ i+1GˆiGˆi+2 − 144i(2c + 3)Jˆ i+2GˆiGˆi+1
+ 72(3c2 + 7c+ 6)δij Tˆ Tˆ − 36(c + 6)Tˆ Jˆ iJˆ i − 144(2c + 3)δij
∑
k
Tˆ JˆkJˆk
− 6(8c + 9)(c+ 6)∂GˆiGˆi + 18(3c2 − 10c − 24)δij
∑
k
∂GˆkGˆk
− 18(c2 − 7c− 6)δij
∑
k
∂Jˆk∂Jˆk − 18
c
(c3 + 6c2 + 48c + 72)∂Jˆ i∂Jˆ i
+
3
c
(10c3 + 48c2 − 243c − 378)∂2Jˆ iJˆ i − 3(c − 6)(4c + 15)δij
∑
k
∂2JˆkJˆk
+ 6(2c + 3)(c2 − 3c+ 18)∂2Tˆ
)
j=i
+
1
(c+ 1)(c+ 6)(2c − 3)
(
6(17c2 + 33c + 18)Gˆi∂Gˆi+1 + 18i(c + 6)Jˆ iGˆiGˆi+2
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− 18i(7c + 6)Jˆ iJˆ i∂Jˆ i+2 − 9(2c2 − 47c− 66)Jˆ i∂2Jˆ i+1 − 18i(c + 6)Jˆ i+1Gˆi+1Gˆi+2
− 162i(c + 2)Jˆ i+1Jˆ i+1∂Jˆ i+2 − 36(c + 6)Tˆ Jˆ iJˆ i+1 + 24i(5c2 + 15c + 18)Tˆ ∂Jˆ i+2
+ 18(3c2 − 8c− 12)∂GˆiGˆi+1 − 18
c
i(17c2 + 27c− 18)∂Jˆ iJˆ iJˆ i+2
− 18
c
(c3 − 11c2 − 33c− 18)∂Jˆ i∂Jˆ i+1 − 54
c
i(5c2 + 7c+ 6)∂Jˆ i+1Jˆ i+1Jˆ i+2
− 216i(2c + 3)∂Jˆ i+2Jˆ i+2Jˆ i+2 + 6i(20c2 + 57c+ 54)∂Tˆ Jˆ i+2
+
3
c
(16c3 + 9c2 − 99c− 54)∂2Jˆ iJˆ i+1 + i(2c3 − 77c2 − 249c − 234)∂3Jˆ i+2
)
j=i+1
− 3
c
φˆ(2),iφˆ(2),j
+ C
(2)
( 3
2
)( 3
2
)
(
− 9(3c − 1)
5(c − 3)c δ
ijGˆkφˆ(
5
2
),k − 3(c+ 3)
5(c − 3)cδ
ij Jˆkψˆ(3),k +
18(3c − 1)
5(c− 3)c δ
ij Tˆ ψ(2)
+
3(c− 7)
10(c − 3)δ
ij∂2ψˆ(2) +
3
(c− 3) Gˆ
iφˆ(
5
2
),j +
3
(c− 3) Gˆ
j φˆ(
5
2
),i
+
3
(c− 3) Jˆ
iψˆ(3),j +
3
(c− 3) Jˆ
jψˆ(3),i +
3i(7c − 9)
5(c− 3)c ǫ
ijk∂(Jˆkψˆ(2))
− i(c+ 3)
10(c − 3)ǫ
ijk∂ψˆ(3),k
)
+C
( 5
2
)
( 3
2
)(3)
(
6
5
iǫijk∂φˆ(3),k +
4
5
δij φˆ(4)
)
+ C
(3)
( 3
2
)( 5
2
)
(
1
2
iǫijk∂ψˆ(3),α=k +
1
2
ψˆ(4),i,α=j +
1
2
ψˆ(4),j,α=i
)]
(w) + · · · ,
ψˆ(
5
2
),i(z) φˆ(3)(w) =
1
(z − w)4
12(5c − 6)
(2c − 3) Gˆ
i(w)
+
1
(z − w)3
[
1
(c+ 1)(2c − 3)
(
12i(2c + 3)ǫijkJˆ jGˆk + 4c(5c + 3)∂Gˆi
)
− (c+ 3)
2c
C
(2)
( 3
2
)( 3
2
)
φˆ(
5
2
),i
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
9(37c + 54)Jˆ iJˆ jGˆj − 252(2c + 3)Jˆ j Jˆ jGˆi
+ 6i(11c2 − 81c− 126)ǫijkJˆ j∂Gˆk + 6(55c2 + 87c+ 54)Tˆ Gˆi
− 3i(25c2 − 144c − 252)ǫijk∂Jˆ jGˆk
+ (5c3 − 72c2 − 279c − 270)∂2Gˆi
)
− 9
2c
ψˆ(
3
2
) ˆφ(2),i
+ C
(2)
( 3
2
)( 3
2
)
(
3(23c − 21)
10(c − 3)c Gˆ
iψˆ(2) +
3i(13c − 21)
10(c− 3)c ǫ
ijkJˆ j φˆ(
5
2
),k − (2c
2 + 21c− 45)
10(c − 3)c ∂φˆ
( 5
2
),i
)
+
7
5
C
( 5
2
)
( 3
2
)(3)
ψˆ(
7
2
),i − 1
2
iC
(3)
( 3
2
)( 5
2
)
ǫijkφˆ(
7
2
),j,α=k
]
(w)
+
1
(z − w)
[
1
(c+ 1)(c+ 6)(2c − 3)
(
9(17c + 30)∂Jˆ iJˆ jGˆj + 9(17c + 30)Jˆ iJˆ j∂Gˆj
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+ 9(13c + 6)Jˆ i∂Jˆ jGˆj − 216(2c + 3)∂Jˆ j Jˆ jGˆi − 108(2c + 3)Jˆ j Jˆ j∂Gˆi
+ 6i(5c2 − 33c − 54)ǫijkJˆ j∂2Gˆk + 54(3c2 + 7c+ 6)∂Tˆ Gˆi
+ 6(19c2 + 3c− 18)Tˆ ∂Gˆi − 21ic(c + 6)ǫijk∂Jˆ j∂Gˆk − 27i(c2 − 8c− 12)ǫijk∂2Jˆ jGˆk
+ (c3 − 32c2 − 75c− 54)∂3Gˆi
)
+
3
2c
∂ψˆ(
3
2
)φˆ(2),i − 9
2c
ψˆ(
3
2
)∂φˆ(2),i
+ C
(2)
( 3
2
)( 3
2
)
(
9(4c − 3)
10(c − 3)cGˆ
i∂ψˆ(2) − 3i
2(c− 3)ǫ
ijkGˆjψˆ(3),k − 3
(c− 3) Jˆ
iφˆ(
7
2
)
− 3
(c− 3) Tˆ φˆ
( 5
2
),i +
3i(c− 12)
5(c − 3)c ǫ
ijk∂Jˆ j φˆ(
5
2
),k +
3(7c− 9)
10(c − 3)c∂Gˆ
iψˆ(2)
− (c
2 + 18c − 45)
20c(c − 3) ∂
2φˆ(
5
2
),i +
3i(7c − 9)
10(c − 3)c ǫ
ijkJˆ j∂φˆ(
5
2
),k
)
+
3
5
C
( 5
2
)
( 3
2
)(3)
∂ψˆ(
7
2
),i + C
(3)
( 3
2
)( 5
2
)
(
− 1
4
iǫijk∂φˆ(
7
2
),j,α=k − 1
2
φˆ(
9
2
),α=i
)]
(w) + · · · ,
φˆ(3)(z) φˆ(3)(w) =
1
(z − w)6 2(5c − 3) +
1
(z −w)4
[
1
(c+ 1)(2c − 3)
(
24(5c2 − 9)Tˆ
− 36(c − 1)Jˆ iJˆ i
)
+
3(c− 7)
2c
C
(2)
( 3
2
)( 3
2
)
ψˆ(2)
]
(w)
+
1
(z − w)3
[
1
2
∂(pole four)
]
(w)
+
1
(z − w)2
[
1
(c+ 1)(c + 6)(2c − 3)
(
− 144i(2c + 3)ǫijkJˆ iGˆjGˆk
+ 12(7c2 − 42c− 72)∂GˆiGˆi − 18
c
(3c3 − 8c2 + 36c+ 72)∂Jˆ i∂Jˆ i
+ 18(c2 + 15c + 18)∂2Jˆ iJˆ i − 288(2c + 3)Tˆ Jˆ iJˆ i
+ 18(c3 − 4c2 + 18c + 36)∂2Tˆ + 24(16c2 + 27c+ 18)Tˆ Tˆ
)
− 18
c
∂ψˆ(
3
2
)ψˆ(
3
2
)
+ C
(2)
( 3
2
)( 3
2
)
(
− 3(11c − 12)
10(c − 3)c Gˆ
iφˆ(
5
2
),i +
9(c − 2)
5(c− 3)c Jˆ
iψˆ(3),i +
9(c− 5)(c + 3)
40(c − 3)c ∂
2ψˆ(2)
+
12(4c − 3)
5(c− 3)c Tˆ ψˆ
(2)
)
+
8
5
C
( 5
2
)
( 3
2
)(3)
φˆ(4) +
1
4
C
(3)
( 3
2
)( 5
2
)
ψˆ(4),i,α=i
]
(w)
+
1
(z − w)
[
− 1
24
∂3(pole four) +
1
2
∂(pole two)
]
(w) + · · · . (G.3) {?}
There are also the nonlinear terms between the higher spin currents in (G.3). Compared to the
previous OPEs in this Appendix, the coefficients appearing in the higher spin currents in (G.3)
are not simply equal to those in Appendix F . This implies that the extra terms appearing
on the right hand sides of (8.4) can contribute to the higher spin current dependent terms in
(G.3). The presentation in the first-order pole of the OPE between the higher spin-5
2
currents
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is rather complicated and we can analyze the notations here by doing similar procedures in
(G.2). The cases (i, j) = (2, 2) and (3, 3) can be read off from the case (i, j) = (1, 1) while
the cases (i, j) = (2, 3) and (3, 1) can be obtained from the case (i, j) = (1, 2).
H Further N = 3 description for low (N,M) cases
In this Appendix, we describe the N = 3 OPEs for different (N,M) cases which are not
explained in the main text. There is no higher spin-1 current for all of the following cases as
before and it is identically and trivially zero. Then we construct the nontrivial lowest higher
spin-3
2
current for each case.
H.1 The (N,M) = (2, 1) case
Since M = 1, there are only SU(N) adjoint fermions. One can check that there exists the
higher spin-3
2
current and it is similar to the one for (N,M) = (2, 2) case by removing the
SU(M) adjoint fermions. From the general expression (3.11), one has
ψ(
3
2
)(z) ∼
(
aJα1Ψ
α + Jα2 Ψ
α + jαΨα
)
(z), (H.1) {?}
where a is some constant a(2, 1) defined in Appendix (D.1) and the index α is SU(2) adjoint
index. The spin-1
2
and spin-1 currents are given in Appendix C. Then we can calculate the
various OPEs based on the higher spin-3
2
current (H.1) and it turns out that there are no
other higher spin currents in the OPE Φ(
3
2
)(Z1)Φ
( 3
2
)(Z2) and can be summarized as follows
in the simplified notation
[
Φ(
3
2
)
]
·
[
Φ(
3
2
)
]
= [I] . (H.2) {?}
Here [I] stands for the N = 3 superconformal family of the identity operator. The explicit
result can be seen from (7.2) by neglecting all the higher spin currents appearing in the right
hand side. Furthermore, we can try to find whether the higher spin-2 current exists or not. If
we require that the general higher spin-2 ansatz should satisfy the primary conditions given
in Appendix B, this higher spin-2 current vanishes identically. This argument also holds for
the other higher spin-5
2
current.
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H.2 The (N,M) = (3, 1), (4, 1), (5, 1) cases
What happens for other N values for fixed M = 1? Let us increase the N value for fixed
M = 1. As in the above case, the higher spin-3
2
current is given by
ψ(
3
2
)(z) ∼
(
aJα1Ψ
α + Jα2 Ψ
α + jαΨα
)
(z), (H.3) {?}
which comes from (3.11) or (H.1). Again, a is some constant a(N, 1) in Appendix (D.1) and
the index α is SU(N = 3, 4, 5) adjoint index. ForM = 1, there are no SU(M) adjoint fermions
in (H.3). Again, there are no higher spin-2 currents for each case in general. However, there
exists the higher spin-5
2
current for each case. Moreover, the N = 3 OPE between the lowest
higher spin-3
2
current can be summarized by
[
Φ(
3
2
)
]
·
[
Φ(
3
2
)
]
= [I] +
[
Φ(
5
2
)
]
, (H.4) {?}
from (H.3). The explicit result is the same as (7.2) once we ignore the higher spin currents
in the right hand side of (7.2) except Φ(
5
2
)(Z2).
When M = 1, our coset is (that is, we can ignore the SˆU(M)2N+M factor in the denomi-
nator of (1.1)) given by
SˆU(N +M)N+M ⊕ SˆO(2NM)1
SˆU(N)N+2M ⊕ Uˆ(1)2NM(N+M)2
. (H.5) {?}
When the free fermions, Ψρ(z) and Ψu(1)(z), are decoupled, the above coset (H.5) is dual to
the following coset (see (4.13) in [18])
SˆU(N + 2M)N
SˆU(N)N ⊕ Uˆ(1)2N2M(N+2M)
. (H.6) {?}
In the large N limit, the vacuum character of (H.6) is (see (3.13) with replaced M by 2M in
[18])
χ2M0 =
(
∞∏
s=2
z
(s)
B (q)z
(s)
F (q)
)4M2(
z
(1)
B (q)
)4M2−1
, (H.7) {?}
where z
(s)
B (q) ≡
∏
∞
n=s
1
(1−qn)
and z
(s)
F (q) ≡
∏
∞
n=s(1 + q
n− 1
2 ) are defined in (3.7) and (3.13) of
[18]. When M = 1, the vacuum character (H.7) implies that there are three spin-1 currents
and four spin-s currents for every half-integer spin s greater than 1. This interpretation
partly matches with our spin content in the lower spin cases when we ignore spin-1
2
current
Ψ(z)(=
√
NM
2
Ψu(1)(z)) in the N = 3 superconformal algebra (8.3). Note that there are no
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SˆU(M) currents Ψρ(z) because of M = 1. The previous (N,M) = (2, 1) case matches with
(H.7) for spin s = 1, 3
2
, and 2. Recall that the N = 3 superconformal algebra contains three
spin-1, three spin-3
2
and one spin-2 currents while the higher spin-3
2
current Φ(
3
2
)(Z) contains
the one higher spin-3
2
and three higher spin-2 currents.
The present case matches with (H.7) for spin s = 1, 3
2
, 2, 5
2
, and 3. In this case, there are
three higher spin-5
2
currents from the lowest higher spin-3
2
current Φ(
3
2
)(Z) and one higher
spin-5
2
current from Φ(
5
2
)(Z). Moreover, one sees that one higher spin-3 current from Φ(
3
2
)(Z)
and three higher spin-3 currents from Φ(
5
2
)(Z). We expect that if we increase the N values
and find more higher spin currents, then the spin content will match further beyond the higher
spin-3 current.
H.3 The (N,M) = (2, 2) case
What happens for different M value? Let us increase the M value. For M = 2, the nontrivial
case arises for N = 2. From the general expression (3.11), one has
ψ(
3
2
)(z) ∼ d
(
aJα1 Ψ
α + Jα2 Ψ
α + jαΨα
)
(z) +
(
bJ
ρ
1Ψ
ρ + Jρ2Ψ
ρ + jρΨρ
)
(z). (H.8) {?}
Note that the index ρ runs over 1, 2, · · · ,M2 − 1 for general M . For M 6= 1, we have the
terms having SU(M) adjoint ρ indices in (H.8). There are new higher spin currents Φ(2)(Z),
Φ(
5
2
)(Z), and Φ(3),i(Z) which are not present for M = 1 cases described before 10. Compared
to the previous cases (H.2) and (H.4), we have the following OPE
[
Φ(
3
2
)
]
·
[
Φ(
3
2
)
]
= [I] +
[
Φ(2)
]
+
[
Φ(
5
2
)
]
+ θ3−i
[
Φ(3),i
]
, (H.9) {?}
which appeared in section 7. So far, the vacuum character in this case corresponding to (H.7)
is not known. It would be interesting to obtain this vacuum character by dividing the SˆU(M)
factor from the result in [36].
H.4 The (N,M) = (3, 2) case
Let us increase the N value for fixed M = 2. Once again, the higher spin-3
2
current is given
by (3.11) for (N,M) = (3, 2)
ψ(
3
2
)(z) ∼ d
(
aJα1 Ψ
α + Jα2 Ψ
α + jαΨα
)
(z) +
(
bJ
ρ
1Ψ
ρ + Jρ2Ψ
ρ + jρΨρ
)
(z). (H.10) {?}
10We can also construct the new higher spin currents Φ(
3
2
),i(Z) for (N,M) = (2, 2) case. However, they do
not appear in the OPE Φ(
3
2
)(Z1)Φ
( 3
2
)(Z2).
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In general, the new higher spin fields can arise in the coset when (N,M) increase. We can
investigate whether new higher spin fields arise in the OPE Φ(
3
2
)(Z1)Φ
( 3
2
)(Z2) or not. It is
sufficient to see the singular terms of the OPEs between the lowest component field ψ(
3
2
)(z)
and all the other component fields of Φ(
3
2
)(Z) with (H.10) using the N = 3 supersymmetry.
It turns out that there are no new higher spin currents. Again, we summarize the OPE as
follows as in (H.9):
[
Φ(
3
2
)
]
·
[
Φ(
3
2
)
]
= [I] +
[
Φ(2)
]
+
[
Φ(
5
2
)
]
+ θ3−i
[
Φ(3),i
]
. (H.11) {?}
The explicit check for the other values of (N,M) is computationally involved. If there are
extra higher spin currents in the above (H.11) for large (N,M) values, we expect that they
(and their descendant fields) will appear linearly [1].
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